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PREFACE TO FOURTH EDITIOK 



A SENSE of gratification and satisfaction has accompanied the labour 
involved — consequent upon the exhaustion of three large editions — 
in the preparation of the Fourth Edition of this work. Complete 
revision and much addition in both matter and illustration have been 
necessary in order that it maintain its character of representing the 
latest practice in mercantile shipbuilding. 

Consequently, detailed illustrated descriptions of a new system 
of longitudinal framing (Isherwood's) ; latest developments in the 
construction of * Turret/ * Trunk/ single-deck, and other types of 
steamers are introduced ; while much interesting and useful informa- 
tion, accompanied by numerous diagrams and illustrations, relative to 
both launching and construction of the new Cunard quadruple-screw 
express turbine steamers * Lusitania ' and ' Mauretania ' will be found. 

The Author begs to express his thanks and acknowledge his 
indebtedness to the Cunard Steamship Co., Ltd., Liverpool, for 
permission to publish the information given in connection with the 
afore-mentioned steamers; and to Mr A. G. Hood, Editor of The 
Shipbuilder, for the use of the blocks for several very valuable 
illustrations ; also to Messrs S. P. Austin & Son, Ltd., Messrs Short 
Bros., Ltd., and Messrs R. Craggs & Sons, Ltd., for permission to 
illustrate particular vessels built by them. 

The Author also gratefully acknowledges the generous treatment 
accorded him by his Publishers in respect to the general production 
of the work, especially in that the scope of the usefulness of the 
work will not be lessened by any increase of price, although it has 
been considerably increased in size and its value greatly enhanced 
by the addition of much new matter and many new illustrations. 

THOMAS WALTON. 

SUNDERLANT>, ScptevibcT 1908 



PREFACE TO THE FIRST EDITION 

(ABKIDGED). 



*'The present volume is, in a large measure, the outcome of the 
gratifying reception with which the smaller work, *Know youi 
Own Ship,' published in the Nautical Sei^ies, met on its iSrst and. 
subsequent editions. The success of that book emboldened its Author 
to embark, at the suggestion of the publishers, upon the preparation 
of a larger and more important undertaking, the result of which is 
now presented to the reader in the hope that it will be found, not 
less than the former work, to merit the approval of that section 
of the shipbuilding world for whose needs it has been specially 
devised. A sketch of the plan of the book will be found at the end 
of this preface ; it is therefore unnecessary here to do more than 
briefly outline the circumstances under which it has been written. 
The work has taken four years to complete, the Author having 
been unable to devote more than his leisure hours to its com- 
position. A careful study of some years* duration, carried out in 
that centre of the steel trade, the Cleveland district, has afforded the 
necessary basis for the first two chapters, while the subsequent 
chapters are the result of the Author's daily experience in the pro- 
fession of ship construction and maintenance. The book has been 
copiously illustrated, and no expense has been spared in the 
preparation and execution of diagrams intended to amplify and 
elucidate the text. These have been placed in close juxtaposition to 
those portions of the work to which they refer, the Author conceiving 
that they will thus prove more retdily available for purposes of 
reference than if they had been published as a separate volume, 
as is sometimes done in works of this class. The whole - subject has 
been treated from a practical point of view, and the requirements 
of students, ship superintendents, shipbuilders, and marine engineers 

have been carefully studied." 

THOMAS WALTON. 

London, June 1901. 



PLAN OF BOOK. 



Chapter I. is a condensed description of the processes of the manu- 
facture of steel and iron, from its crude state in the form of ore, to the 
finished product in the form of ship plates, forgings, bars, etc., particularly 
noting those constituents of the material which are essential to the production 
of good ship steel or iron, and those which, if in excess, introduce objection- 
able qualities into the metal. 

Chapter 11. treats of the strength and quality of ship steel and iron as 
a result of the proportions in which the various constituents referred to 
above are present in the metal, and the particular processes through which 
the material passes in the course of manufacture. 

A description is also given of the tests applied in order to definitely 
ascertain both the strength and quality. 

Chapter III. explains what is meant by a vessel being ' Classed,' and 
the nature of the work of those Societies empowered to assign loadlines. 

Chapter IV. is a general introduction to the subject of ship construc- 
tion, drawing attention to the principal structural features, and the alter- 
native modes in which a vessel may be built. 

Chapter Y. deals with the various forces which are exerted upon the 
hulls of ships, tending to strain them and produce deformation ; and shows 
also how to estimate the maximum stresses endured by the materi^d under 
the worst of such conditions. 

Chapter VI. — Section /. gives a structural description of the fundamental 
types of vessels known as ' Full Scantling ' (one, two, and three deck), Spar- 
Decked, and Awning-Decked vessels ; and modifications of those types. 

Section II. describes the construction of typical vessels. Among these 
are:. — The Express Steamers 'Lusitania' and * Mauretania ' ; and the 
* Campania' and *Lucania'; the 'Great Eastern'; an Ocean Steamship 
Co.'s cargo steamer; 'Turret,' 'Trunk,' and other 'Self-Trimming' 
steamers ; a large single-deck steamer ; stringerlcss vessels ; steamers for 
carrying oil in bulk, framed upon both transverse and longitudinal 
systems of framing ; and, in addition, special arrangements for carrying 
water ballast for long over-sea voyages. 

Section III, describes the Isherwood System of Longitudinal Framing. 

Chapter VII., which is the largest section of the book, deals in detail 
with the construction and combination generally of the various parts which 
go to make up the whole ship structure — framing, plating, stem frames 
and rudders, riveting, pumping, ventilation, etc., and includes also remarks 
upon launching. 

Chapter VIII. describes the causes of decay and deterioration generally 
in a vessel, particularly noting those parts especially liable to rapid corrosion, 
and the best means of combating the causes of such corrosion, and of pre- 
serving and maintaining the structure in a state of efficiency. 
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STEEL SHIPS. 



CHAPTER I 

ntON AND STEEL. 

Iron and Steel snpersede Wood in Shipbuilding— Composition of Iron and Steel — Pig 
Iron, its Nature and Manufacture — The Blast Furnace — Castings — Malleable Cast 
Iron — Malleable or Wrought Iron ; its Nature and Manufacture— The Puddling 
Furnace — Quality and Classification of Wrought Iron — Steel, its Nature and Com- 
position — Siemens Steel, Manufacture of — Bessemer Steel, Manufacture of — Basic 
Steel — Cementation Steel— Case-hardened Steel— Crucible Steel— Steel Castings — 
Forgings — Iron and Steel Sections used in Shipbuilding. 

Iron and Steel supersede Wood in Shipbuilding. — ^The day of wooden 
ships has practically gone. Travelling through our modem shipbuilding 
districts, one can scarcely fail to be struck by the conspicuous absence of 
this material. Whereas, sixty years ago, wood was the principal con- 
structive element in shipbuilding, it is now a rare sight indeed to see in 
this country the hull of a seagoing craft being built of this material. Even 
then it is only used in the construction of the smallest types of vessels, or 
else only as a composite part of larger ones. 

This great and rapid transformation has all been brought about by the 
introduction in shipbuilding, first of iron, and subsequently of steel. The 
manufacture of iron has been carried on for thousands of years, and great 
skill evinced in its production, while the uses of steel have been understood 
and appreciated for centuries. It is only since about the year 1860, 
however, that the latter could be produced in sufficient quantities and of 
the requisite quality for its adoption in the construction of ships. Even 
then it was not until after the year 1880 that steel became extensively 
employed in the building of ships for the mercantile marine. At the 
present time over 99 per cent, of the vessels built in this country are 
constructed of this material. 

While, generally speaking, iron has given place to steel, it will be shown 
more definitely in a subsequent chapter that it still finds favour for certain 
purposes on account of important qualities which experience has shown it to 
possess. Hence, to a limited extent, it is still employed as a constructive 
element in certain parts of a ship. 

1 
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It is in Btrengtb, toughness, and malleability, that steel, as now mana- 
factured, shows its vast superiority over wood, and the posse^siou of these 
qualities accounts for its having almost entirely superseded that material in 
the art of shipbuilding. 

While the principal aim of this work is to describe the coiistmction 
and the means which may be adopted for the maintenance or preservation 
of steel ships, it will not be out of place to convey some information 
respecting the process of the manufacture of steel, particularly noting those 
constituents of the metal whose presence or absence confers, in a marked 
degree, the qualities of malleability, ductility, weldability, hardness, soft- 
ness, brittleness, toughness, cold-shortness and red-shortness and strength. 

Although in a steamer the hull is principally composed of mild steel 
plates and bars, made by the Siemens process* (a process which takes its 
name from Sir William Siemens, the inventor of a system of producing 
steel which has proved especially suited to the requirements of ship con- 
struction), yet iron, in practically every form in which it is known com- 
mercially, is employed, to a greater or less extent, in the construction and 
equipment of a ship. We thus find, in addition to mild steel and steel 
castings, that iron castings, malleable iron plates, bars and forgings are also 
employed. The great bulk of plates and angles, bulb-plates and bulb-angles, 
tees, channels, and Z bars, etc., used in shipbuilding, are, however, made of 
Siemens steeL 

To embrace the whole subject of the metallurgy of steel and iron in what 
must necessarily be a few pages in a work of this kind, would be an utter 
impossibility. However, notwithstanding the enormous dimensions of the 
subject, and the complicated processes attending the manufacture of iron 
and steel, we shall endeavour to convey to the reader unacquainted with the 
subject some knowledge of the manufacture, composition, etc., in as intelligible 
a manner as the brevity of the treatment will permit. 

Composition of Iron and SteeL — ^As is well known, steel and iron are 
products of iron ore which is obtained, like all other minerals, from the 
earth by mining, and which, after being subjected to a course of treatment 
whereby most of the associated impurities are separated, yields iron or 
steel according to the nature and amount of the foreign elements still 
remaining in combination with the pure iron in the final product. There are 
many substances whose natures can be easily described by a simple defini- 
tion. Such is not the case, however, with iron and steel as they occur com- 
mercially. Neither of them are pure metals. Indeed, absolutely pure iron, 
in addition to the practical impossibility of its production upon a large scale, 
is worthless for any industrial purpose. It is to the presence and pro- 
portions of the foreign elements or impurities which are introduced or 
found naturally in combination with the pure metal, that the special 
qualities which distinguish the alloys known as cast iron, malleable or 

* A small proportion of chequer plates, boiler plates, channels, etc., is still made from 
Bessemer steel. (See p. 14. ) 
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wrought iron, and steel from each other, are really due. Iron ore, in its raw 
state, contains from about 30 to 70 per cent, of iron, according to the 
nature of the ore. Pig iron, the result of the first stage of the manufacture, 
contains from about 90 to 95 per cent, of pure iron ; malleable or wrought 
iron over 99 per cent. ; mild steel ship plates about 99J per cent. ; while 
other varieties of hard steel may contain considerably less of the pure metal, 
and a larger proportion of other elements. It will thus be seen that while 
neither iron nor steel are absolutely pure, the associated elements, whether 
metallic or non-metallic, are exceedingly small in proportion to the pure 
metal, and yet it is to the influence of these elements that the vast differ- 
ences between cast iron, malleable iron, and steel, as to tenacity, ductility, 
and malleability, are attributable. 

The chief foreign elements found in commercial iron and steel are 
carbon, sulphur^ phospTiorus, manganese, and silicon, though infinitesimally 
small quantities of other substances may sometimes be present Any one 
of the above substances, if in excess, may produce a deleterious influence, 
and confer an undesirable quality on the metal ultimately produced. The 
most important of these elements is carbon. 

In pig iron, and likewise in cast iron, carbon is found in relatively 
large proportions, reaching sometimes to 5 per cent., and constituting, as a 
rule, not less than 3 per cent, of the total. Such metal may be hard and 
sometimes exceedingly brittle, or soft and tough, but these qualities depend 
less upon the amount of carbon present than upon the condition in which 
it occurs. Such iron readily melts at a high temperature, and can be 
moulded into various forms. In its crude form it is chiefly used in the 
production of malleable iron and steel. 

MaUeaMe or torought iron may contain traces only of carbon, and 
at the most it rarely contains more than about *12 per cent. At one 
time it was customary to define wrought iron as, chemically, the purest 
iron that could be produced for commercial purposes, but with the great 
improvements which have taken place in recent years in the manufacture 
of steel, it is outrivalled in this respect by mild steels produced in the 
processes introduced by Sir W. Siemens and Sir Henry Bessemer, so 
that the distinction between wrought iron and mild steel lies more in 
the mode of production than in chemical composition. Wrought iron is 
comparatively soft, malleable, ductile, and tenacious. It is excellently 
adapted for welding purposes, its malleability increasing as the temperature 
is increased. Fusion is only effected at very high temperatures. When 
heated and* suddenly cooled it retains its softness. It may be produced 
direct from the ore, but is usually made from pig iron. 

MUd Steel contains sometimes as little as '06 to '15 per cent, of 
carbon, along with small proportions of other elements. Such steel is 
malleable, ductile, and tenacious, and when low in carbon and comparatively 
free from other impurities, it is equal to wrought iron in its welding 
qualities. Siemens mild steel ship plates contain from *12 to '2 per cent. 
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(not more) of carbon. Steel containing over -2 per cent, of carbon i« not 
adapted for tlie miinafucture of such plates, bein<; too hard. The greater the 
proportion of carl)on, the lower the temperature at which fusion occurs. 
Thus malleable iron rei[uiros a higher temperature for welding purposes 
than all except the very mildest qualities of steels. 

A most imix)rtant property of steel containing more than a certain 
percentage of carbon is that it is capable of being hardened or softened by 
the processes of tempering and annealing. In order to harden the metal, it 
is heated and suddenly cuoled in oil or water, its final hardness depending 
largely upfin the amount of carbon it contains. By reheating it and allowing 
it to cool slowly, almost any degree of softness required may be obtained. 

Sulphur, even in infinitesiuially small quantities, assumes, in combination 
with iron or steol, great importance. It is commonly found in iron ores, 
and combines with the metal on being subjected to heat. When present in 
excess it produces a most objectionable feature termed rod-shortness. Such 
metal is useless for forging purposes, being defective in malleability, and 
when over '12 per cent, of sulphur is present, it is ' rotten' at a red heat, 
and will, therefore, neither stand rolling nor hammering. Its presence io 
iron may result from using sulphurous ores, or it is introduced by the 
fuel employed in the blast furnace.* Small quantities of sulphur ate 
supposed to bo of some advantage in some kinds of castings, producing 
increased tensile strength, but for both malleable iron and steel plates 
and forgin'^8 the smaller the proportion present the better the metal. 
The commoner kinds of steel contain on an average '05 to "08 per cent, 
of sulphur. 

PJvosphoms, when present in iron to the amount of '125 per cent, 
produces coM-shortness, that is to say, the metal is unable to withstand 
working and hammering at ordinary temperatures, owing to its reduced 
tenacity. It then cracks at the edges and breaks readily. Phosphorus 
unites readily with iron when subjected to a high temperature. It is 
present in most ores. When heated to redness, cold-shortness disappears, 
and the metal may be hammered or rolled with facility. When malleable 
iron or steel contains very small quantities of phosphorus, the metal is 
harder, while the tenacity may be scarcely affected. There are very few 
purposes for which more than •! per cent, is permissible, the tendency, where 
large proportions are present, being to reduce the tensile strength. 

The effect of phosphorus may be modified by the presence and amount 
of other impurities. One advantage produced by a considerable proportion 
of phosphorus in cast iron is that it adds fluidity to the metal in a molten 
state, and is thus well ada[)ted for very thin castings or for light ornamental 
work which has no stresses to bear; but for large heavy castings, where 
strength is required, such a metal would be very brittle and hence most 
unsuitable. Phosphorus is naturally found in greatest proportion in pig 

• The largo furnaces in which the ores, fuel, and fluxes are treated preparatory to 
the production oipig iron. (See fig. 1.) 
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iron, but some grades, such as hematite, largely used iu the manufacture of 
Siemens steel, contain very little. 

While phosphorus increases the tenacity of steel, its tendency to brittle- 
ness renders it less reliable in resisting sudden stresses caused by impact or 
shock. Mild steel plates for shipbuilding purposes usually contain from 
about '04 to '06 per cent, of phosphorus. 

Manganese is always found in pig iron. Steel usually contains from *2 to 
1 per cent., — ship plates, -3 to '6 per cent. Like carbon, it produces hardness, 
and increases the elasticity and tensile strength, but reduces the ductility. 
To some extent^ manganese counteracts the red-shortness of sulphur, though, 
when itself in excess, it produces brittleness. It is most valuable as a 
neutralizing agent when such impurities as sulphur, phosphorus, silicon, etc., 
are present. When manganese is present in unusually large proportions in 
iron or steel, it is supposed to promote or hasten corrosion by sea-water. 
Specially prepared iron alloys, rich in manganese, and known as spiegeleisen, 
ferro-manganese, etc., are most valuable in the manufacture of mild steels, 
for the reasons already given. 

Silicon is not an invariable constituent of steel. When present in 
considerable proportions it induces hardness, and also, like phosphorus, 
cold-shortness, which shows itself in the brittleness of the metal. At 
ordinary temperatures, such steel will neither stand rolling nor hammering. 
The usual percentage of silicon in steel is from about *02 to *06, with 
a limit of about '08 per cent. Steel ship plates contain from -03 to '06 
per cent. It is found iu a greater or less degree in all ores. The 
higher the temperature the more readily does silicon combine with the 
metal. At a white heat, silicon is very liquid. Its greatest value is 
in foundry work. While iron comparatively free from silicon is hard 
and brittle, the introduction of a moderate proportion of specially pre- 
pared iron, rich in silicon, induces softness, strength, and fluidity. 
When the silicon is added in excess, it again produces hard, brittle, 
and weak castings, with reduced tensile and compressive strength. The 
result of an adjusted percentage of silicon is the production of sound 
castings remarkably free from blow-holes, and soft enough to be workable 
with tools. 

Nickel is a metal whose presence is of the greatest value in steel for 
certain purposes, though its importance has only been established in com- 
paratively recent years. It will doubtless be more extensively used in the 
future, especially in the manufacture of engine forgings and shafting. Like 
carbon, it increases the hardness and adds greatly to the tensile strength 
and toughness of the metal. These qualities are further improved by the pro- 
cess of tempering with subsequent annealing. For marine engines, where high 
speed combined with lightness and strength are the most desirable factors, 
nickel steel is being more and more used. For such forgings it is usually 
introduced in the proportion of from 3 to 5 per cent. For ordinary tramp 
steamers of low speed it is not as yet much used, the expensivencss of 
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the metal being against its general adoption. Nickel b not a constituent 
in tbe composition of the steel employed for ship plates and bars. 

The increased toughness of nickel steel makes it specially suitable for 
armour plates, as it offers great resistance to cracking by shock, or impact 
from shot, and also to perforation. 

Pio Iron, Cast Iron, and Malleable Iron. 

Pig Iron. — Pig iron differs from malleable iron and from steel in being 
unforgeable, and therefore unwcldable ; in its extremely low ductility ; and 
chiefly in the large amount of impurities it contains. 

Production, The Want Furnace, — The actual smelting, or reduction of 
iron ore to a liquid state suitable for casting into the form of ' pig,' is 
effected in the blast furnace. The shape of these furnaces yaries in 
different localities, as also do their heights, diameters, and capacities. In 
tlie Cleveland district in Yorkshire, where a very large proportion of the 
iron and steel used in sliipbuilding in this country is manufactured, they 
have increased rapidly in size. Fig. 1 shows a Cleveland blast furnace. 
It consists of an outer sh^ll of wrought iron plates riveted together, and 
resting upon a ring which is supported upon cast iron pillars. It b lined 
with fire-brick slabs, and closed at the top with a ' cup and cone ' or * bell- 
cone ' arrangement. The waste gas(^s are led away at the top of the fomace 
by means of a vertical pipe, or Mowncomer.' In some cases blast furnaces 
reach as much as 100 ft. in height. When the blast furnace is in fall working 
order, or *in blast,* it is filled t<> the top with a mixture of fuel, ore, and fluxes. 

A flux is a material introduceil into the blast furnace for the purpose of 
combining with the earthy matter attached to the ore, — much of which is 
otherwise almost infusible at the usual furnace temperatures. By this 
means a fusible substance known as slag is produced, which is one of the 
chief agents in carrying off the impurities. Thus, in order to effect the 
reduction of charges in which much silicon is contained in the ore, an 
abundance of limestone is generally introduced as a flux. 

The furnace charges are always introduced at the top, additions being 
made frequently to keep the furnace full. These charges are taken up 
to a platform at the top of the furnace, and dropped on to the bell lid, 
which is so balanced as to sink beneath the superposed minerals. As soon 
as the material slides into the furnace, the lid rises again, and closes up 
the furnace mouth. The flare of flame so commonly seen at the summit 
of blast furnaces is caused by the escape of combustible gases whenever 
the bell is lowered. While the charge at the top of the blast furnace is 
thus composed entirely of solid matter, all the materials introduced pass 
away either in the form of gas, slag, or molten metal. The chief aid to 
combustion in the furnace is the introduction of a powerful air blast which 
may be hot or cold.* 

* As at present practise*!, these terms, hot and cold, nmst be rcganlod as relatiTa. 
In hardly auy case is the cold blast iutroduced without soiuo preliminary heating. 
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This blast enters near the bottom of the furnace, and blows incessantly, 
excepting when fresh charges are being introduced into the furnace, and 
aUo during the time occupied in running out the molten metal, or, as it 
is called, ' tapping.' 

The very high temperature produced in the blast furnace causes the 
molten iron to readily unite with a considerable amount of the carbon from 




Fio. 1.— Section of a Cieyeland Blast-Fiirnace. 

the incandescent fuel in the furnace. The melted iron descends towards 
the base or hearth of the furnace, along with slags produced by the 
combination of the earthy substances in the ore with the fluxes. In its 
downward course the iron absorbs more carbon by contact, and finally 
accumulates in the health of the furnace, a compound of iron, carbon, 
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sulphur, phosphorus, silicon, aud other impurities. Owing to its greater 
specific gravity, the moltoa metal sinks to the bottom and the slag floats 
on the top. The passage of the blast into the furnace near the bottom, 
bden as it is with oxygen, would decarburize the metal, were it not for 
the protecting influence of the slag floating above it. Aa the slag continues 
to increase on the surface of the steadily accumulating metal, it at last 
reaches a height where there is an aperture in the furnace side (the slag 
notch), out of which it flows. By a variety of means it is collected, and 
taken away at intervals. The process of smelting in the blast furnace 
results in the pnuluction of highly carburized metal. 

The more phosphorus the ore contains, the greater the proportion 
which passes into the slag. However, many ores contain less than 1 per 
cent., and then it practically all passes into the iron. If manganese be a 
constituent of the ore, which is generally the case, it is found partly in 
the pig iron, and partly in the slag. Pig iron containing about 5 per 
cent, of manganese and upwards is called spiegeleisen, bat when above 
40 per cent, is present, it is known as ferro-manganese. This is largely 
used in the subseijuent manufacture of mild steel. Sulphur is to a con- 
siderable extent eliminated in the preliminary process of calcination.* 
Hr)wever, a quantity may still find its way from the ore and fuel into the 
product As silicon is only reduced at the very highest furnace tempera- 
tures, a comparatively small proportion only of the total passes into 
the metal, the greater proportion i>assing into the slag. It follows^ 
therefore, that a more siliceous metal is produced from hot-blast than in 
cold-blast furnaces. By means of a basic slag (one rich in lime), silicon 
is still further eliminated. Highly siliceous iron, which has special uses 
in foundry work, is only produced at the expense of a large expenditure 
of fuel and at a high temperature. 

The richer the ore, the less limestone is necessary in the charge, and, 
consequently, less slag is produced, and the fud consumption is smaller. 

The blocks of metal called pigs, of ^^^ section, and about 3 ft. in 

length, are obtained by preparing a damp bed of sand in front of the 
furnace, in which grooves are made by wooden 'patterns* corresponding 
to the shape of the pigs. By means of a channel in the sand the molten 
metal is led from the furnace to these grooves. 

Castings. — While pig iron is extensively used in the manufacture of 
wrought iron and steel, a large quantity is also used in the production of 
castings in the foundry. 

Though rolled iron and steel preponderate as the constructive elements 
in modern ships, still, a survey of any vessel will reveal many fittings made 
of cast iron — bollards or mooring bits, hawsepipes, boat-davit sockets, 

* Calcination is a process of roasting to whicli certain kinds of ores are subjected, by 
which means, combined with the effect of the atmosphere, water, solphor, carbonio 
acid, aud other volatile matters are wholly or in part driven off. 
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fair leaders, the columns supporting engines, cylinders, and many other 
fittings on the hull and in the engine room. In smelting pig iron for 
castings, special care is required in selecting and combining the most 
suitable brands or grades. 

Several reasons may be given for the extensive use of cast iron. It can 
be melted at a comparatively low temperature as compared to that required 
in working the metal in some of its other forms. It is the cheapest form in 
which iron is produced. Iron is specially adapted for castings, being very 
fluid and capable of receiving clear, definite, and exact impressions from the 
mould. It possesses enormous crushing strength. The tensile strength of 
cast iron varies from about 5 to 15 tons per square inch of section, the average 
of good cast iron being about 8 tons. The transverse and torsional strength 
varies between 1 '5 and 4*5 tons per square inch. Its average shearing strength 
is about 12 tons to the square inch. The crushing strength of ordinary cast 
iron lies between 25 and 60 tons ; the average being from about 40 to 45 tons. 
The tensile strength averages about one-sixth of the crushing strength. 
It will thus be clear that while cast iron is admirably adapted by its great 
strength under a compressive stress for such purposes as columns and 
struts, it is totally unfit for use where sudden and severe torsional, tensional, 
or transverse stresses, such as experienced by the hulls of ships, have to be 
borne. 

As already stated, cast iron is superior to wrought iron for compressive, 
but greatly inferior for tensional stresses. It is therefore unfit for ship- 
hold stanchions or pillars which have to act both as struts and ties. 

In choosing pig iron for castings, it is necessary to take into account 
the nature of the casting and the purpose for which it is required. There 
will thus be a vast difference in the quality of pig iron used for engine 
cylinders, machinery, girders for structural purposes, etc, and that required 
for light ornamental work. For tlie latter, fluidity would be an important 
quality, and thus phosphorus and silicon would be welcome constituents 
of the metal. But phosphorus, when in excess, produces brittleness, cold- 
shortness, and weak castings, and therefore while this feature would make 
no practical difference in the ornamental castings, it would be an objection- 
able constituent in iron for structural purposes, where severe, and, probably, 
sudden stresses would be experienced. 

In remelting pig iron for important castings, it is the practice to 
combine iron of several grades, and by this means a stronger metal is 
obtained, the aim generally being to get a compact grey iron. The metal 
may be further increased in strength and toughness by melting with it 
either wrought iron or steel scrap. A most important element in the 
production of good castings is silicon, when not present in quantities ex- 
ceeding 2*5 per cent. Its value in foundry work has already been described 
on page 5. Remelting soft cast iron makes it harder and stronger, but 
remelting hard iron makes it harder and more brittle, weak, and unwork- 
able with tools. 
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WalWahie Cist Iroa— CAidn^i m-ide trom pi^ iroa tn bi:*di hud and 
l«iuiey and are vorkabSe wish nnsher file dot chr^eL This maj be 
ttmtdkd bj a proeua somevhat RaKabtiitZ annealing, anl bj neana of 
wfaieli the metal u maile to appcoxisiase in*x« to maJifahl^ ir>ii. The 
fa a tingi are embedded in pov.lered red hemitite in cast iron ' boxes ' and 
I^aeed in fornaeea. In the operation vhich follovs^ silicon, solphor, 
mangineae and earhon are remorfrl from the surfaces. Sach castings are 
cafMtble of beinj^ to some degree, forged and chiselled, and are rendered 
soft, toogher, and stronger, thongfa thej are incapable of being welded. 
Tbia proccea ia aometimea applied to machinerr and propellers, rendering 
the latter eapeciallj leas liable to breakage bj blova or accidents. In 
large castingn, onlj the outer sorface Is affected bj this treatment, hence 
the neceasitj of choosing pig iron as five as possible from phosphorus^ 
aalphnr, silicon and manganese. 

MalkaUe or Wioo^ Iron. — ^The distinct ire features of maDeable or 
wrought iron used to be iU small percentage of carbon and its almost 
complete freedom from phosphoruii, sulphur, silicon, and other foreign 
elements. But with the vast improTements which have been made in the 
production of mild steel in recent times, the special qualities of . 
malleable iron, viz., malleability, ductility, weldability, and tensile strength, 
are found to an almost equal extent in mild steeL 

Considerable difficulty, therefore, presents itself in attempting to define 
the difference between malleable iron and mild steel The difference, as 
waa stated on an earlier page, must be attributable to the actual method 
of production, malleable iron being the term applied to the production of 
iron chiefly by the process of puddling. A distinct difference between 
wrought iron, cast iron aud cast steel is, that while the former is fibrous, the 
two latter are not^ but present granular appearances, when fractured. Caat 
iron, moreover, is hard and brittle when cold, while wrought iron is soft 
and ductile. It differs from the harder kinds of steel in the fact that it 
iloes not temper well, i.e. if heated in a furnace and plunged into water 
or oil, it shows little sign of hardening. This is a distinct characteristic of 
harrl steels, though mild steels, such as ship pLites, resemble wrought iror 
in Vieing practically incapable of being tempered. It is scarcely necessary to 
afld that only iron in its malleable form can be of use to the ship's smith. 

Malleable iron is obtained indirectly from pig iron by ^ puddling^* 
whereby most of the impurities are got rid of, and the metal is delivered 
from the puddling furnace in a pasty condition, ready to be hammered and 
roUefl into the required sections or shapes. 

Prodticiwn. Puddling Furnaces. — What is known as the ordinary single 
puddling furnace is a long horizontal furnace at one end of which is the 
fire and at the other end the flue from whence the smoke and heat escape 
to the chimney, or else are economized by being led away for reheating 
purposes. Between the fire and the flue is the puddling bed, upon which 
the charge is laid, being introduced through an opening in the side of the 
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furaace. In this system the pig iron is charged into the bed of the furnace 
entirely away from the fire grate upon which the fuel is consumed, but in 
such a position as to be exposed to the action of the flame and draught. 
After the charge has been made and the fire replenished, the furnace is 
entirely closed. In a short time the metal begins to soften, and the 
puddler then introduces a long iron bar through an opening in the charging 
door, and 'puddles' or turns over, or works the pigs so that they are 
uniformly heated. 

Ultimately the iron is reduced to a more or less fluid state, and spreads 
itself out over the furnace bed, where it is stirred in order to expose it 
uniformly to the action of the heat. After this operation has been con- 
tinued, so that the carbon of the iron has been more or less eliminated by 
the influence of the oxidizing atmosphere passing through the furnace, the 
iron begins to stiffen, and spongy masses of malleable metal begin to 
appear amongst the slag, which has gathered on the surface of the fluid 
metal. The puddler works up the spongy masses of iron into balls, 
weighing about 60 or 80 lbs., by means of his iron bar. When these have 
been made, and are sufficiently coherent, the balls are drawn out of the 
furnace separately, and carried to the forge hammer, where they are 
'shingled' or hammered. This operation again rids the iron of much 
impurity, which is seen to fly out as slag, with every blow of the hammer. 
When the iron has been formed into a consolidated block, or 'bloom,' it is 
taken to the rolls, where it is rolled into lengths of bar iron. In the 
several phases through which the metal passes between entering and 
leaving the furnace, silicon, manganese, phosphorus, carbon, eta, are all 
more or less eliminated. 

Quality and Classification,— The quality and grade of the iron is 
largely determined by the subsequent mechanical treatment it receives. 
Thus the long length of rolled bar made from the bloom is termed No. 1 
quality, or merchant bar. To obtain ordinary malleable iron of No. 2 
quality suitable for smiths' use. No. I quality is cut up into short lengths, 
arranged into piles, and placed in a reheating furnace, from which it is 
taken and again rolled. To obtain No. 3, or best iron, a pile of iron is 
again formed for reheating. It may consist entirely of short lengths of 
No. 2, or of No. 1 with the top and bottom plates only of No. 2, and after 
reheating, is again passed through the rolls. This quality is known as best 
merchant iron, or treble best, and is admirably adapted for welding, 
possessing the qualities of toughness and ductility in a more marked degree 
than any of the lower grades. Ordinary ship-hold stanchions, or pillars, 
are usually made of No. 2 quality.* 

Just as repeatedly remelting cast iron may, in the earlier stages, improve 
the metal, but ultimately produce weak and brittle castings, so on 
reheating wrought iron the strength and ductility of the metal is improved 

* The names vary greatly in different distiicts. Thus, in some, No. 1 is known as 
best, No. 2 as best best, and No. 3 as treble best 
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by the first few operations. Yet when the reheatings exceed five or six 
times, the metal shows distinct deterioration in quality. Hence, for 
ordinary purposes, one reheating after the paddled bar has been cat up is 
found sufficient, and when the iron is for smiths' use, the subsequent 
reheatings tend to the further improvement of the metal. Best best iron is 
specially suitable for anchors, chains, cables, rivet'^, etc. 

For the production of iron plates for ships' use, a similar method of 
piling is employed. A pile is formed by placing the lengths of bars in 
alternate layers — the bars in one layer being placed across the bars of the 
layer beneath, the top and bottom being covered by a simple thick slab 
suitable for the dimensions of the plate it is intended to produce. 
In a like manner, in order to produce iron tee bars, butterly bulbs, and 
girder sections used in shipbuilding, the operation of piling is carried out. 
Special care is required in the building of these piles, for unless the butt 
or end joints of the bars in the pile be well covered by the next layer, they 
do not weld properly. Thus it is customary in building the piles for the 
sections of iron just mentioned, to make the top and bottom flanges of 
these sections of a single slab of iron usually of a superior quality to the 
bars used in the centre of the piles. 

The quality of the iron produced depends not only upon the quality of 
the pig iron first charged into the puddling furnace, but also upon the 
manipulation of the furnace in regulating the heat and gases. The 
production of either very soft, or hard, or steely iron, or of iron lacking in 
tenacity, is due to a considerable extent to the skill or otherwise of the 
puddler. The more impurity the iron contains, the longer does it take to 
carry out the puddling operation, and there is, in consequence, a greater 
waste of metal 

It need scarcely be repeated that the aim of puddling is to almost 
eliminate carbon, phosphorus, sulphur, silicon, manganese, and other 
impurities. To such an extent is this effected in good wrought iron, that 
the finished metal contains over 99*5 per cent of pure metal, sometimes quite 
as much as 99*7, with usually only a trace of carbon,* and correspondingly 
small proportions of the other elements mentioned. To absolutely purify 
the metal and produce pure iron is not desired, and, moreover, such a pro- 
duct would be commercially worthless. 

The conversion of bar iron into the required sections for shipbuilding 
and other uses is effected by rolling In cast iron rolls, which' are specially 
cast and ' turned ' to suit the numerous sections of iron required. 

Steel. — Nature and Composition. — Considerable difficulty attends 
the attempt to accurately define the milder kinds of steel, as dis- 
tinct from malleable iron. Malleable iron, as we have seen, is delivered 
from the furnace in a soft, spongy state. Steel, however, is delivered in 
a state of fusion, the metal being cast directly from the furnace into a 

* The purest iron, Bometim&s terinod piauo wire quality, will, at times, contain aa 
much as 99*85 per cent of pure iron. 
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mould, thus forming a malleable ingot of sufficient weight to produce the 
bars or plates required. Cast iron is also delivered from the furnace in a 
state of fusion, but it differs from steel in its total lack of malleability and 
ductility. 

An absolute essential in steel is carbon, though it may be present 
in exceedingly small quantities, ranging from '06 to 1'5 per cent For 
Siemens steel ship plates the percentage is from about *09 to *14. While 
phosphorus, sulphur, silicon, manganese, etc., may also be present, they 
are all looked upon as impurities, though, under certain conditions, the 
presence of some of them, in small proportions, may exercise a beneficial, 
or at least a non-injurious effect upon the steel. An idea of the composi- 
tion of Siemens steel ship plates will be obtained from the following figures. 

Siemens I Carbon. I Silicon. I Sulphur. I Phosphorus. I Manganese.' 
Steel Plates. | '09 to -14 | '03 to -06 | -04 to '06 | -04 to -06 | '30 to -60 

Mild steel is both malleable and forgeable at a full red heat, but owing 
to the percentage of carbon present, it should bo worked at a lower 
temperature than wrought iron, except in the harder qualities, there being 
a danger of 'burning' the metal. As previously stated, the property of 
tempering is possessed only by the harder kinds of steels. Malleable iron 
is not affected by such treatment, and mild steel, with its small percentage 
of carbon, is incapable of being tempered to any marked degrea The 
hardness produced by tempering is in proportion to the carbon in the 
steel, and the rapidity with which it is cooled. If steel be too much 
heated, it is said to be burnt, and becomes unwoldable. 

Steel, in a greater or less degree, unites the qualities of cast and 
malleable iron. It may be produced in a number of ways, although 
ship plates and bars are almost exclusively manufactured by the 
Siemens process. 

Siemens SteeL — The success which has attended the manufacture of 
mild steel by the Siemens process, has given it an unrivalled importance 
for the purposes of shipbuilding. The principal feature in the production 
of Siemens steel, lies in the reduction and treatment of pig iron and selected 
ores in what is known as tho Siemens open hearth furnace. 

This gave rise to a modification of the process, whereby steel was pro- 
duced by first melting pig iron in the hearth of the Siemens furnace, and 
then charging into this bath, wrought iron in the form of scrap, croppings, 
etc. This process was ultimately known as the Siemens- Martin process. 

The Siemens open hearth process, as now practised and generally 
adopted in this country, consists practically of a combination of the two 
fore-mentioned methods. Suitable pig iron is first charged into the hearth 
of the furnace and reduced to a liquid state. Into this, scrap metal from 
the rolling mills and iron ore of good quality are introduced. Finally, 
when the metal in the furnace has reached the necessary degree of 
purification, it is found that it has become almost completely decarburized. 
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that is, the action of the furnace has eliminated the carbon, and it is 
necessary that this essential element, together with a proportion of 
manganese, should be restored. Hence, spiegeleisen, or ferro-manganese, 
both of which are rich in carbon and manganese, are charged into the 
famace just before the conclusion of the process. 

When the metal is ready to be discharged from the furnace, it is tapped 
into a ladle, and cast from thence into moulds, usually of cast iron. These 
castings are known as ingots. In order to convert them into plates or bars 
of any particular section, they have to be rolled. If the ingots were 
exposed to the air and allowed to cool they would solidify, but the 
solidifying operation would not go on uniformly throughout the ingot^ as 
obviously the outside would cool and ' set ' more rapidly than the interior. 
It therefore becomes necessary to either place the ingots in pits specially 
heated, in which they can come to the solid state suitable for rolling 
purposes, with a uniform temperature; or eh^ they are allowed to cool, 
and are reheated in a special furnace. The ingots are, in either case, 
taken to the mills, and finally finished by rolling into whatever sections 
(plates, bars, etc.) may be required. Charges amounting to from 30 to 50 
tons may be melted in the Siemens open hearth furnace at once, and in 
America even larger charges are worked. 

Siemens steel is more uniform in quality than that obtained by the 
Bessemer process, and it is largely owing to this fact that it has become so 
universally adopted for ship construction. Mild Siemens steel for ship 
plates and bars possesses a tensile strength averaging 30 tons. It is also 
very ductile, showing an elongation of at least 20 per cent in a length of 
8 in., and is as malleable as wrought iron. The Siemens process is 
specially suitable for the manufacture of steel for castings. 

Bessemer Process. — In the early days of steel ships, Bessemer steel 
(named after Sir Henry Bessemer, the inventor of the process of 
manufacture) was to some extent employed, though now it has almost 
entirely given place to Siemens steel. It is, however, extensively used, 
and admirably adapted for the manufacture of rails. The process is 
conducted in a pear-shaped vessel, called a converter, which, in the system 
most widely adopted, is swung upon an axis, and can be tilted at any angle. 
This arrangement greatly facilitates the work of discharging the metal 
from the mouth of the converter. 

Bessemer steel is produced from pig iron which is conveyed in a molten 
*state direct from the blast furnace in a huge ladle, and charged into the 
converter. 

The predominant feature in this system is, that the pig iron is 
decarburized, i,e. purified to a greater or less degree from its over-supply 
of carbon by the action of the oxygen of the air, which is blown from the 
bottom of the converter through the fluid metal. By this means the 
greater part of the carbon, silicon, and manganese of the pig iron are 
oxidized and consumed. 
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The passage of the air blasts through the molten metal causes violent 
ebullition, owing to the escape of carbonic oxide resulting from the oxidation 
of the carbon in the pig iron and the oxygen of tlie blast^ combined with the 
intense heat developed. By the nature of the flame it can be judged when 
the operation of blowing has been carried on sufficiently, that is, when the 
almost complete decarburization of the metal has been attained. 

Towards the conclusion of the ' blow ' in the Bessemer converter, a 
metal would be produced practically free from carbon, silicon, and 
manganese, but still containing any sulphur or phosphorus which was 
present in the original metal Such a metal would be exceedingly soft 
and unweldable, and probably both red-short and cold-short, so that when 
rolled it would crack round the edges, and even crumble to pieces. It 
therefore becomes necessary, just before the termination of the blow, to 
furnish the metal in the converter with the necessary proportion of carbon 
and manganese in the form of spiegeleisen, or ferro-manganese, the 
manganese counteracting the effect of the sulphur and to a less degree 
neutralizing the effect of phosphorus. When the metal is finally ready 
for discharging from the converter, it is cast into ingots in a way similar 
to that described for Siemens steel. 

When the metal is overblown, it is burnt, and possesses the quality 
known as * rottenness.' 

Basic Steel. — ^The method known as the * Basic * process of producing 
steel may be conducted in either the ordinary Siemens open hearth furnaces, 
or in Bessemer converters, usually the former. The modification in the 
furnace for the Basic process lies chiefly in the nature of the lining, which 
is made of dolomite or magnesian limestone. During the working of the 
charge of pig iron, a considerable quantity of limestone is introduced into 
the furnace. This combines with the silicon and phosphorus, and passes off 
in the form of slag. By this means, phosphoric ores, which would other- 
wise be unsuited for the manufacture of steel, can be employed. 

The principle of the Siemens opun hearth and of the Bessemer process 
is practically identical in each case. The molten metal is first decarburized, 
and then, by the addition of spiegeleisen, or ferro-maiiganese, it is recar- 
burized to the desired extent. It is decarburized , because of the difficulty 
of ascertaining the precise amount of the impurities present. Then the 
foreign ingredients are added, in the proportions found by experience to be 
necessary. 

While steel of good quality may be produced by either of these 
processes, Siemens steel is more uniform in quality, and better meets 
shipbuilding requirements. The Bessemer process is admirably adapted 
for the manufacture of rails, but mild gtedfor ship plates and bars is made 
almost exclusively by the Siemens process. 

Cementation Steel, Case-hardened Steel, and Crucible Steel — As 
cementation steel and case-hardened steel do not play any part in the 
construction of the hulls of merchant ships, a very brief description of these 
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processes must suffice in passing. (' Harveyized ' and kindred bard steels, 
used particularly for armour plating in war vessels, may, however, be regarded 
as forms of ' case-hardened ' steel). 

In producing steel by the cementation process, bars of malleable iron 
are embedded in charcoal and placed in a furnace, where a high and long- 
continued temperature is maintained. By this means the carbon of the 
eharcoal permeates the malleable iron. By a somewhat similar process, 
known as case-hardening, carried out at a great heat, a thin layer of steel 
may be produced upon the outside of the iron. When a hard surface is 
required over part of the steel, the tempering is done by immersing such 
parts in cold water or oil after reheating, or, in order to harden the whole 
surface, the steel is totally immersed in water. The interior of the case- 
hardened metal remains wrought iron. Where, however, the process of 
cementation is long-continued, the entire bar of malleable iron may be 
converted into steel. A peculiarity of the process of cementation is the 
blistering of the surface of the metal bars, hence this kind of steel is known 
as ' blister steel.' 

The bars are ultimately cut up into short lengths, subjected to one or 
more reheatings in piles, welded by hammering, and rolled. By this 
treatment the qualities of tenacity and strength are considerably improved. 
The best quality of steel, however, can only be obtained by breaking up 
the blister steel and melting it in a crucible or pot. This renders it more 
uniform in its nature. It is then called crucible steel, and is the most 
valuable steel produced. It is chiefly used for tools, cutlery, and also for 
special forgings and castings. 

Steel Castings. — On examining steel ingots, we invariably find that 
they are honeycombed with cavities or holes, probably owing to the escape 
of gas. This would naturally be a most detrimental feature in important 
steel castings. Various devices have been proposed to overcome these 
defects, but probably the introduction of silicon is one of the simplest 
and most effective. By this means, it would appear that the formation 
of such cavities and unsoundness is prevented. 

We have seen, however, that silicon in large proportions exerts a 
detrimental influence on the steel produced, reducing its malleability, 
ductility, and tensile strength, as well as its adaptability for being 
hammered. It therefore becomes necessary to somewhat counteract the 
effect of the silicon, and thus manganese is introduced also. 

The combined silicon and manganese is called silico^piegel, and is 
introduced into the molten metal just before the operation of casting. 
Siemens steel is also used for castings. 

Steel castings should be annealed, that is, they should be heated to a 
red heat, and then allowed to cool down slowly, generally embedded in 
ashes or other substance, which will make the cooling process gradual. 
This operation renders the casting softer in its nature, and more uniform 
in strength. Cast steel stem frames are now commonly employed, though 
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some difference of opinion exists as to whether they are preferable to 
wrought iron forgings. 

Forgings. — Among the moving parts of the engines, and also in the 
bulls of steamers, we find numerous forgings (crank shafts, stern frames, 
etc.)) which were at one time made exclusively of wrought iron, but are 
now commonly made of steel. The excellent welding properties of wrought 
iron make it possible for most satisfactory results to be obtained in the 
production of large forgings, by the process of welding together the several 
pieces which go to make up the whole structure. 

In very large and heavy wrought iron forgings, however, there is always 
the possible danger of unsatisfactory welding, which, moreover, may not be 
very apparent on the surface, and only fully revealed after the forging has 
fractured, owing to severe stresses. 

In the case of mild steel forgings, the operation of 'forging' consists 
purely in the rolling and compression to which the steel is subjected; 
and the metal from which crank shafts, etc., are made, is practically 
identical with that of any other mill products, such as angles, tees, etc. 
Honeycombing is eliminated in the rolling and under the steam hammer. 
As a matter of fact, the lower the percentage of carbon the less homo- 
geneous the steeL Very * hollow' ingots usually result when the carbon 
falls below -07 per cent. Nevertheless, as long as such ingots can be rolled 
at all, the resulting finished bar will be sound. It is not possible to roll 
a shaft with cranks at various angles. Large shafts are built up ; the parts 
being shrunk on and keyed. Crucible steel is unsuitable, owing to the 
small quantities produced at a time, for anything but the smallest castings, 
and is not used to any great extent for ship work. 

In important steel forgings the qualities of tensile strength and 
toughness are further improved by tempering in oil with subsequent 
annealing, and the thinner the section of the forging, the greater the tem- 
pering effect. Hence the advantage, in such forgings as propeller shafts, 
of having a hole through the centre, as this not only reduces the weight 
of the forging, by removing that part of the material in the shaft which 
contributes least in affording strength, but facilitates and improves 
the results of tempering. It may be noted that shafts are often cast 
hollow. 

The qualities of forgings have been still further improved by intro- 
ducing other metals in combination with steel, notably nickel, which 
produces a remarkable improvement both in the tensile strength and 
elastic limit of steel (see page 21), and also increased power to 
resist fracture by impact or shock. Nickel also adds to the efficiency 
of tempering. 

Wrought iron forgings which have been built up by welding several 
pieces together, should always be annealed, for otherwise there may be 
considerable irregularity in the strength, owing to variation in the heats 
and irregularity in cooling. 

2 
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Iron and Stebl Sections used in Shipbuilding. 

The following is a list of the principal sections of steel and iron 
which are rolled in the 'mills/ and are suitahle for the construction of 
ships. 



L* 



1. Plain plates, used for shell, 

decks, tanks, striDgers, bulk- 
heads, etc. 

2. Chequer plates, for decks, plat- 

forms, etc. 

3. Plain angle bars, used for 

frames, reverse<l frames, 
beams, stringers, keelsons, 
bulkhead stiffeners, and for 
connections in every part of 
the vessel. 

Bulb angles. Tliese may be used 
for frames, Insams, bulkhead 
stiffeners, keelsons, stringers, 
etc. 
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5. Plain tee bars, used for beams, 
stiffeners, stanchions, etc 

6. Butt^rly bulbs or tee bulbs, 
used chiefly for beams and 
hold stringers. 

7. Bulb plates, used in conjunc- 
tion with angles for beams, 
keelsons, stringers, stiffeners, 
etc. 

8. ff bars or girders, used for 
strong beams and keelsons. 

9. Z bars, used for frames and 
bulkhead stiffeners. 

10. Channel bars, for frames, 
beams, bulkhead stiffeners 
and stanchions 

11. Half round, convex iron, and flat bar, for mouldings and 
I sometimes for Htiffeners of casings in |>assage-way8 where sharp 

angle stiffeners might be dangerous. 

^ \2. A patent section for hatches, combining in efl[icicncy both the usual 
rest iron for liatch covers and moulding. 
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]L«' 13. Best iron, which is attached to the inside of hatch coamings to 
sup[)ort the covers. 

14. Bound iron, for pillars, stanchions, etc. This may be soh'd or 
hollow. 



CHAPTER IL 

STBEKGTH, aUALITT, AND TESTS OF STEEL FOB SHIP- 
BUILDING FTJBFOSES. 

Definitions of Imxiortant Terms ; Tensile Strength, Stress, Ductility, Elasticity, Elastic 
Limit — Value of Nickel —Fatigue — ^Tests of Plates and Angles— Remarks upon the 
Reduction in Thickness of Steel Plates — Tests for Steel Castings— Rivet Tests — 
Treatment of Plates and Bars in Shipyard. 

Definitions of Important Terms. — Having briefly traversed the steps in 
the process of the manufacture, and DOted the constituents of iron and steel 
it is now proposed to inquire into the special qualities essential for purposes 
of ship construction, and the tests to which the metal is subjected in order 
to ensure the possession of such qualities. 

It is advisable at this stage to clearly understand certain terms and 
expressions which are constantly recurring in treating this aspect of the 
subject 

TengQe Strength. — ^By the tenacity of steel is meant the property of 
adhesion, and the tensile strength is the measure of the greatest stretching 
force, applied in the direction of the length of the material, necessary to 
produce fracture ; or, in other words, it is equivalent to the maximum stress 
required to produce fracture, and is usually expressed by the number of tons 
required to break a bar one square inch in sectional area. The remarkable 
tenacity of steel is one of its most valuable and important characteristics. 

Stress may be defined as the resistance offered by any material to defor- 
mation caused by the application of an external force. Stress is also equal 
to the intensity of the force which produces deformation, providing that it 
is not so great as to cause rupture or fracture (see also page 75, Chapter 
V. on * Stress and Strength '). 

Ductility is the property of being permanently elongated by the applica- 
tion of a tensile force. This property in steel is well illustrated by the fact 
that it can be drawn into wire. 

Elasticity and Elastic Limit.— Within certain limits, if a tensile force 
be applied to a bar of steel, it will show distinct elongation, bat immediately 
upon the removal of this stretching force the material returns to its original 
dimensions. 
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This elastic quality is termed elasticity. Elasticity may also be 
defined as that property whereby, after the metal has been sabject to a 
certain pressure, whether of tension or compression, at a given temperature, 
it seeks to regain and retain its original volume and shape. If steel, how- 
ever, be stressed beyond this limit, permanent elongation, or '^,' takes place. 
This limit, or point, at which elasticity ceases, and permanent set or dis- 
tortion takes place, is called the * elastic limits The elastic strength is 
thus the tensile strength up to the elastic limit. So long as steel is not 
subject to a stress beyond the elastic limit, the elongation is directly pro- 
portional to the stress, but as soon as the elastic limit is passed, the elonga- 
tion takes place at a more rapid rate. It will now be clear that in very 
ductile materials, such as wrought iron and mild steel, very considerable 
distortion and elongation beyond the elastic limit may occur before actual 
fracture takes place. 

Most of the harder steels possess less ductility, though their elastic limit 
and ultimate tensile strength may be greater. It is obvious to everyone 
how important these qualities of tenacity, ductility, and elasticity must be 
in such a structure as a ship. In a large iron or steel vessel rolling and 
pitching in a seaway, enormous and innumerable stresses are set up in every 
part of the structure, and owing to the elasticity of the material, though 
imperceptible to ordinary observation, there is a certain amount of give and 
take — elongation and retraction — constantly going on, which must somewhat 
relieve the severity of the stresses which are experienced by rivets and con- 
nections generally. True, this is not, nor should it be, so serious as to be 
perceptible, nevertheless, knowing what we do of the numerous stresses borne 
by ships at sea, and also of the elastic quality of iron and steel, it follows 
that this actually takes place to a greater or less degree. 

The value of ductility in steel is often manifested in cases of collision, 
or fouling, or grounding. Steel plates, in such cases, have been known to 
buckle and bend, and to be greatly twisted and distorted, and yet show 
no signs whatever of rupture. 

Importance of Elastic Limit. — In considering the strength of steel for 
ship construction, important as tensile strength may be, the elastic limit 
is of still greater importance. In fact, in dealing with structures from a 
purely strength point of view, it is the elastic limit and not tensile strength 
which is of foremost consideration. And while ductility is of great import- 
ance, and it might be possible to stretch the steel in a ship considerably 
beyond the elastic limit but well within the tensile strength, such permanent 
elongation, excepting under such exceptional circumstances as grounding, 
collision, etc., is decidedly most objectionable, and could only be productive 
of ultimate disaster. It can easily be imagined what horrible distortion in 
the form of a steel ship would ensue, if vessels were built to anything 
approaching their maximum tensile strength, or even in such a way as to 
be subject to stresses in excess of the elastic limit. 

Thus the aim of the designer of ships, bridges, etc., after obtaining all 
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other necessary qualities and properties, is to get the maximum limit of 
elasticity in the material required for the structure iu question. 

Nickel. — In recent years, oonsiderahle improvement has heen made in the manu- 
factare of steel forgings for marine engines and also for boiler tubes, by introdacing 
suitable proportions of nickel during the process of manufacture. This has the effect of 
increasing both the tensile strength and the elastic limit But as nickel induces hard- 
ness, and is also very costly, it is not used in the manufacture of steel for ship plates 
and bars. Nickel in boiler tubes has been found to retard corrosion. 

The tensile strength, ductility, and elasticity of steel are further increased by 
elongation, produced by cold rolling and wire-drawing at suitable temperatures. This 
is amply illustrated in the case of steel wire. Steel rods drawn into wire will increase 
as much as 80 to 100 per cent and over, in tensile strength. So that steel wire with a 
tensile strength of 100 tons per square inch is a common production, while even this 
has been greatly exceeded. 

Fatigue. — Of course, it is clearly understood that where elongation of 
the nature just described is carried out, the stretching force is applied 
most gradually. Suddenly applied irregular stresses, which vary greatly 
in magnitude, produce what is known as Fatigtte, that is, diminished 
resistance to rupture. This probably accounts for the fracturing of tail- 
end shafts, which experience severe jerking strains as the propeller blades 
strike the water after emersion in pitching movements. A similar reason 
could be found for many other breakages. Such irregular strains un- 
doubtedly cause disarrangement in the natural molecular disposition in 
both iron and steel, and microscopic examinations of such fractures show 
the effects of this disturbance. 

In ordinary mild ship plate steel the elastic limit ranges at about 
50 per cent of the tensile strength. Tempered nickel steel may even 
have a tensile strength of 45 tons and oyer, with an elastic limit of 30 
tons, while bard drawn steel wire may reach an elastic limit of 50 tons. 

Tests. — Classification Societies such as Lloyd's, Bureau Veritas, and 
the British Corporation, agree very closely as to the qualities of iron and 
steel for shipbuilding purposes, and consequently their tests are generally 
very similar. Samples of the steel are tested at the steel works (under the 
personal inspection of the society's surveyors) before the material leaves for 
the premises of the shipbuilder. These societies require that samples be 
tested from every charge or cast employed in the manufacture of the 
material ; and moreover, that the whole operation and process of testing 
be witnessed by their surveyors. If they are satisfied with the manner 
in which the steel stands the various tests imposed upon it, then every 
plate, beam, and angle is required to be clearly and distinctly stamped 
by the manufacturer. The brand upon the steel so tested is as follows : 



^ 



(Lloyd's). H ^^» British Corporation. 



and indicates that a shearing from the plate or bar has satisfactorily passed 
through the whole of the tests made upon it 
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When these samples fail to fulfil the test requirementB, the plates or 
angles from which they were cut are rejected. These tests are made so 
as to ascertain and measure the tenacity or tensile strength of the steel, 
its ductility and elasticity, and also its transverse or bending strength. 
Such tests usually comprise hot and cold forge tests, tempering, and, in the 
case of forgings, the sudden impact caused by either allowing the forging to 
fall on hard ground, or by dropping weights upon the forging. In testing 
steel, the classification societies require that strips from a plate, angle, 
or bulb plate or bar, cut lengthwise or crosswise, should have an ultimate 
tensile strength of not less than 28 and not exceeding 32 tons per square 
inch of section, with an elongation equal to at least 20 per cent on a 
Hength of 8 in. before fracture in samples ^ths of an inch and above 
in thickness, and 16 per cent, in samples below this thickness. The 
«loDgation test, it is scarcely necessary to add, is to ensure ductility, 
and the limit of 32 tons as the maximum tensile strength is to obtain 
a metal which is soft, and as workable in the hands of ships' platers 
and smiths as the best wrought iron. Indeed, where sharp bends are 
required, as in garboard strakes for bar keels, and in the plates round 
the stem and counter and stern frame (boss and oxter plates), steel is 
greatly to bo preferred to wrought iron, as it can be manipulated with 
better results. 

So easily can steel plates be bent, that it is now a very common 
practice with shipbuilders to make the comers of engine and boiler 
•casings and deckhouses with a single plate bent to a radius of 2, 3, 
•or more inches, thus dispensing with the usual connecting corner angle 
bar. Steel plates are also preferable for the round corners of hatch 
coamings. So fully recognized is this quality in steel, that even where 
iron is employed for houses on deck, etc., it is a very common practice 
for shipbuilders to adopt steel plates for the bends at the corners, etc 

Classification societies also require that steel angles for the frames of 
vessels, and bulb steel for beams, may have a maximum tensile strength 
of as much as 33 tons per square inch of section. 

Strips cut from the plate, angle, or bulb steel, after being heated to 
a low cherry red, and cooled in water of 82' Fahr., must stand bending 
double round a curve of which the diameter is not more than three 
times the thickness of the plate tested. In addition, samples of plates 
and bars should be subjected to cold bending tests. 

Among the numerous tests adopted, the following may be taken as 
examples. 

Mild steel cut into strips of about 1^ in. 

in width, should stand being bent cold in a 

hydraulic press to a curve the diameter of which 

Fio, 2.— Cold Bending does not exceed twice the thickness of the plate 

Test. (or inner radius of bend equal to thickness 

of plate). (See fig. 2.) 
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A plain angle should bend hot as shown in Nos. 2 and 3, fig. 3. 






Fio. 8.— Hot Anglo Teste. 
A J bar shoald bend hot as shown in Nos. 2 and 3, fig. 4. 
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Fio. 4.— Hot Tee Bar Teste. 

Turning to wrought iron, we find that the classification societies require 
that, for vessels classed by them, it must be of good malleable quality, 
capable of standing a tensile strain of 20 tons per square inch with, and 
18 tons across, the grain, and of standing certain hot and cold forge tests.* 

Remarks upon the Reduction in Thickness of Steel Plates. 

The advantage of mild steel over wrought iron is at once apparent. 
The tensile strength is increased from 40 to 50 per cent., while the metal 
shows very decided superiority in elasticity and ductility. As a natural 
result, steel ships are lighter in weight than iron ones, a reduction of about 
20 per cent, being usually allowed by the classification societies in the 
thickness of steel plates and angles, and as a more lightly constructed ship 
permits of a greater deadweight being carried, and thus increased freights 
being earned, the reason for the universal adoption of steel is obvious, and 
more especially as the price of steel is usually as low as that of iron. But 
even with so much to recommend it, there are still certain minor dis- 
advantages associated with its adoption. This applies to all vessels, but 
more especially to very small craft As just noted, a steel vessel with 
plates and angles 20 per cent, lighter than an iron one is equivalent to 
the latter in strength. (Plates and angles which would be, say, ^^ths thick 
in an iron vessel, become ^ths in a steel ship.) But apart from strength, a 
certain objection is attached to reducing the thickness of plates. Thickness 
gives rigidity, and thus in some classes of very lightly constructed, steel 

* Shoald any of the samples tested show signs of failure by cracking or breaking 
in any way, and not falfiUiiig the test requiremente, the whole of the material repre- 
sented by such samples is rejected. 
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vessels, the effect of the water pressure upon the immersed surface is 
sufficient to ca.use the plating to buckle in between the transverse frames, 
so that the position of every frame is distinct on the outside surface. 
Severe pressure upon the bows in high-speed vessels makes this objection- 
able feature even more pronounced, and while it may be argued that this 
may not inflict any serious effects upon the strength, it certainly detracts 
from the appearance of the hull. 

In some quarters, steel has been sadly abused for its rapid deterioration 
owing to corrosion. Probably, in some measure, there is truth in such a 
complaint against the metal. But it should be remembered that taking 
the same amount of corrosion in two plates of equal strength to, say, Lloyd's 
requirements, one of iron and the other of steel, the steel plate would only 
at first sight appear to be the worse of the two. But then the thinness of 
the steel plate is entirely against it in forming judgment. A -j^th off a 
plate ^^ths thick would appear more striking than ^th off a plate -^ths 
thick. It seems, therefore, that while some qualities of steel may^ in some 
measure, show more signs of decay than wrought iron, it should also be 
remembered in judging the results that the steel was probably thinner to 
begin with. 

Tests for Steel Castings.— The tests for steel castings in the hulls of 
ships are generally as follows : — Cast steel stern frames, rudders, steering 
quadrants, and tillers, must be subjected to percussive, hammering, and 
mechanical tests, in the presence of one of the society's surveyors, so as to 
ensure the material being of ductile quality. A tensile test is to be made 
on a piece taken from each casting, and the extension on a length of 8 in. 
is not to be less than 8 per cent., and the tensile strength not less than 28 
tons, nor more than about 35 tons, per square inch. A cold bending test 
must also be made corresponding to each tensile test, and the sample must 
bend cold before fracture through an angle of at least 90°. Large stern 
frames cast in one piece must be allowed to fall on a hard flat ground 
(excavations being made to take the boss part and other projections) after 
being raised through an angle of 45**. Stern frames cast in more than one 
piece, and rudders, must be dropped from a height of from 7 to 10 ft, 
according to the design, shape, and weight of the casting. The casting in 
such case must subsequently be slung up, and well hammered with a sledge 
hammer, not less in weight than 7 lbs., to satisfy the surveyors that the 
castings are sound and without flaws, existing either originally, or developed 
as the result of the application of the preceding percussive tests. 

Bivet Tests. — An equal tensile strength per square inch of section is 
required in rivets as in plates and angles. They should be of special 
quality, both soft and ductile, and capable of standing the following tests. 
One rivet per hundred should be subjected to a forge test. 

1. Temper Test, — The rivet bar should be heated to a low cherry red, 
cooled in water of 82° ¥ahr., and then bent double round a curve the 
diameter of which is equal to the diameter of the bar. 
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2. Forge Tests, — To bend cold without fracture as shown in No. 2, 
fig. 5, a; = diameter of the rivet. 

3. To bend hot without fracture, as shown in No. 3, fig. 5, so that 
though the rivet has been nicked with a chisel at x, no signs of tearing 
are apparent. 

4. The head to be flattened when hot as shown in No. 4, fig. 5, until 
the diameter is two and a half times the diameter at x. 

Treatment of Plates and Bars in the Shipyard. — Even after the steel 
has been delivered in the shipyard, a hard brittle plate may often be 
detected in the operation of punching, the plate cracking round the rivet 
hole. The nature of the outer surfaces of the punchings also often expose 
bad material ; a cracked creviced surface, together with a severely torn 
eJge, point to the same defect. This is specially noticeable in bad iron 
plates. 

In rolling a plate cold, the objectionable feature of cold-shortness (cold- 
brittleness) is sometimes discovered, and in the same operation with a 
heated plate, hot-shortness (hot-brittleness) may be detected. 

The manipulation of a plate in the hands of the ships' platers may tend 
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Fig. 6.— Rivet Tests. 

to cause deterioration in the quality of the material unless it be subjected 
to proper treatment. Thus, plates (such as counter plates and boss plates 
round the tail-end shaft) which have been severely hammered in order 
to shape them for their particular positions on the hull, and are, moreover, 
probably subjected to several heatings and coolings, should be annealed 
before being fixed in position in the vessel, in order to regain the uni- 
formity in strength which any such severe processes as hammering and 
uneven cooling destroys. 

Similarly, the severity of the operation of punching the holes for 
rivets in a steel or iron plate, so destroys the molecular arrangement of 
the material in the neighbourhood of the holes that, in order to regain the 
original uniformity of strength, the plates should either be annealed after 
punching, or else the holes should be rimed out. These features are fully 
recognized by the classification societies, and we find that important 
structural items in the material, such as stringer plates, sheer strakes, 
garboard strakes, and all buttstraps when about ^^ths of an inch in 
thickness and above, are to be carefully annealed, or else the holes are to 
be limed after punching. 



CHAPTKK TIL 
CLASSIFICATION. 

Purpose fur which Classification Societies exist — Societies empowered to assicrn Load 
Lines— Government the Supreme Authority for Assignment of Load Lines and 
resjwnsiblo for Seagoing Condition of Vessels leaving British Ports— Standard of 
Strength upon which I>oad Lines are assigned— Load Lines of Three Deck, Spar 
Deck, and Awning Deck Vessels— Grades of Class— Maintenance of Class— Un- 
classed Vessels. 

Purpose for which Classification Societies exist.— Al at Lloyd's is a 
phni^e more often used than fully understood, though every seaman knows 
that it conveys an idea of the good quality and seaworthiness of a ship. 

Such an expression brings us into contact with a subject of paramount 
importance, viz., "Classification," and as a largo proportion of seagoing 
vessels are " classed," and the structural strength in new vessels and the 
manner in which such stnictural strength has been maintained in old 
vessels determines the " class " to which they belong, it will be well at the 
outset to obtain a clear idea of this matter of " classification.'' 

A steel or iron ship is often compared, from the point of view of 
strength, to a beam or girder, and in many respects such a comparison 
may fairly be made. When iron or steel girders are used in the construction 
of bridges, buildings, etc., a very close approximation can be made to the 
nature and amount of the severest stresses which may have to be borne ; 
and thus the necessary strengths and dimensions of these girders can be 
arrived at almost entirely by calculation, provided that the quality of the 
material is thoroughly understood. But when wo come to the actual ship 
girder, we find ourselves confronted by considerable difficulties and com- 
plications, which make the determination of the scantlings and disposition 
of the material in order to ensure suflicient strength, a matter which 
cannot be ascertained purely by calculation. The innumerable varying 
and sudden stresses which are experienced by ships in a seaway, when 
rolling and pitching in light, loaded, or ballast conditions, render absolutely 
accurate mathematical treatment impossible. However, an approximaU 
mathematical calculation can be made which is exceedingly usefuL 
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The other factor necessary in arriving at an adequate knowledge of 
required strength is experience. Thus we find, throughout the history of 
iron and steel shipbuilding, continiial changes have been made in the 
generally accepted rules, as experience has indicated their necessity. 

All ships are built to carry. Some, as in the case of steam yachts, 
though two or three hundred feet in length, have little else to bear than 
the owner, his family, a few guests, the crew, bunker coal, stores, and 
provisions. Other vessels, such as tramp steamers, are built to carry cargoes 
of great specific gravity. The former are so light that, in order to 
suflSciently immerse them, considerable quantities of permanent ballast 
are usually carried. In the latter, on the other hand, if the holds were 
entirely filled with cargo of the nature referred to, the vessels would be 
almost, if not entirely, immersed, and apart from considerations of strength 
— ^assuming them to be able to float — the question of stability, with little 
or no freeboard, would probably be a serious matter. 

The purposes for which ships are built are innumerable, and to build all 
vessels which are similar in size and proportion, of equal structural strength, 
regardless of the work they have to do, would be absurd. What is more 
reasonable and sensible is to ensure that each vessel is sufficiently strong 
to satisfactorily perform her own work. To introduce as much structural 
strength into a cross-channel passenger steamer which has to carry little 
else than passengers, mails, and luggage, besides her own equipment, stores, 
and bunkers, as uito a vessel of equal dimensions which has to carry, say, 
1000 or 1500 tons of cargo to any part of the world, would be foolish 
in the extreme. Or even in the case of two purely cargo-carrying vessels 
of identical dimensions, if one is intended to be solely employed in carrying 
a cargo of great density, such as coal, while the other is intended to carry 
a cargo of much less density, such as wool, the one amounting to, say, 
3000 tons, and the other to only about 2000 tons, obviously it would be 
absurd to build each of these vessels to exactly the same scantlings, for 
either the one would be excessively strong, or the other dangerously weak. 
But, as stated, it is necessary that each vessel should be strong enough to 
do her own work. 

The strength of ships, therefore, should be regulated by their proportions 
and maximum displacements, provided that enough freeboard remains to 
ensure sufficient stability and a condition of general seaworthiness. 

It is clear that to study and tabulate the scantlings for every new 
ship lies outside the sphere of the shipowner. That shipbuilders, by 
their wide experience, would be vastly more capable of adequately dealing 
with the matter, is true ; but then, without a fixed standard of strength, 
no two of them would either arrange their material alike, or arrive at 
the same strength in the finished vessel, even for similar vessels imder 
similar conditions. Moreover, no such method of ship construction 
would be either satisfactory or acceptable to imderwriters. From both 
owners' and imderwriters' standpoint, standards of strength, both for 
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maximum displacements and minimum freeboard, are absolutely essential 
Or in other words, a guarantee is required that the vessel is strong enough 
to carry with safety, and without injury to herself when experiencing the 
various and probable demands which may be made upon her strength, a 
certain load, which may not, under any conditions, be exceeded, and also 
that her design is such that, with a minimum reserve buoyancy when 
properly loaded, she runs no risk of capsizing through deficient stability. 
With this aim in view, there exist several societies which, by scientific and 
mathematical investigation coupled with long experience, have drawn up 
rules and tables of scantlings suited to all types of cargo and passenger 
vessels. The best known of these societies are Lloyd's Roister, the 
British Corporation, the Bureau Veritas, the Germanischer Lloyd, and the 
Norske Veritas. These societies save both shipowners and shipbuilders 
an immense amount of labour and trouble, at the same time providing 
general uniformity in strength, and a satisfactory guarantee of efficiency 
to the insurance societies for the vessels constructed under their rules. To 
carry out this system, the committees of these societies employ considerable 
numbers of surveyors, whose training and experience have specially fitted 
them for the work. The quality of the material used in the construction, 
the efficiency of the workmanship, the carrying out of their societies' rules 
and requirements, and the periodical survey for the renewal or alteration 
of the " class " of the vessels placed in their hands, are their sole responsibility. 

The Load Line Act of 1890. — Before the Load Line Act came into force 
in the year 1890, the overloading of ships, which was a source of danger 
from both a structural and stability aspect, was attended with loss of life 
at sea as well as loss of ships. The necessity for Government interference 
so impressed itself upon this country, that the passing of the Load Line 
Act was the final result, by which the Government became supremely 
responsible for the seagoing condition of all British vessels and vessels 
leaving British ports. 

Societies empowered to assign Load Lines. — Hence, while the 
British Govenmient has sanctioned Lloyd's Register, the British Corpora- 
tion, and Bureau Veritas Classification Societies to assign load lines to 
vessels classed by them, the Board of Trade still remains the supreme 
authority for such assignment. It is certainly true that these societies can 
build ships to whatever scantlings they please, but it is the work of the 
Board of Trade to ensure that a maximum load line be fixed strictly in 
accordance with the strength of such vessels, with a reasonable percentage 
of reserve buoyancy. 

Standard of Strength upon which Load Lines are assigned. — While 
considerable latitude is thus allowed in the disposal of material in the ship 
structure, the necessity for a minimum standard of strength is obvious. 
This is, moreover, essential in order that uniformity in the strength of the 
different types of vessels built be secured, while it does not necessarily 
follow that uniformity in the modes of construction will be a result. The 
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standard of strength laid down for the guidance of all classification societies 
is that embodied hy Lloyd^s Rxdes for the year 1885. This gives the 
minimum structural strength for a minimum freeboard for all classes of 
vessels. Any society is at liberty to demand greater structural strength 
in vessels classed by them than that of the Board of Trade standard, and, 
naturally, they are individually responsible for efficient local strengthening. 

Societies for the classification of vessels are thus at liberty to arrange 
and formulate their own methods of construction, and determine the 
scantlings of the material used in ships built to their particular classes. 
With uniformity of strength, uniformity in assigning the freeboard of every 
class of vessel is secured, since it must be in accordance with the Freeboard 
Act of 1890. 

To the shipowner this subject of classification is of the greatest 
importance. If he wishes to add a new vessel to his fleet, and he is 
desirous of ensuring her being built to the highest class, he inserts a clause 
in his specification, or in the contract between himself and the builders, 
to the effect that she must be classed 100 A 1 at Lloyd's, or to the 
corresponding highest class in any other society. 

Load Line of " Three Deck^^ Spar Deck, and Atoning Deck Vessels, — 
There are four principal types of steel vessels considered in the Board of 
Trade Freeboard Tables, viz., "Three Deck," Spar Deck, Awning Deck 
Vessels, and Sailing Ships. A vessel may belong to the highest class in 
any one of these types. The " three deck " type is the strongest vessel 
built, and is thus allowed the minimum freeboard, with consequently the 
maximum immersion, displacement, and carrying power. Awning decked 
vessels * are the lightest type built for over-sea voyages, and consequently 
are required to have the greatest freeboard, with consequently smaller 
immersion, displacement, and carrying power. Supposing that into 
such an awning decked vessel more structural strength than is required by 
the standard (Lloyd's Rules for 1885) is introduced, a comparison would be 
made between her increased strength and that required for a spar decked 
vessel, and a proportionate reduction made in the freeboard. Or, if a spar 
decked vessel were built in excess of the standard strength, a comparison 
would be made between her increased strength and that of a " three deck " 
vessel, and a proportionate reduction made in her freeboard also. But as 
the " three deck" vessel has already a minimum reserve buoyancy, additions 
of strength beyond that required by rule would obtain no concessions in 
the matter of diminished freeboard. 

Grades of Class. — While it is customary for shipownera to have new 
vessels built to the highest class of their respective types, it does not follow 
that such vessels will always maintain the highest class ; for example, at 
intervals of four years, Lloyd's require that vessels classed with them should 
be subject to special surveys. These special surveys are designated No. 1, 
No. 2, No. 3, and No. 4 respectively, and as long as a vessel imuntAimi Her 
* See page 118 re Modern Awning Deck YeoefaL 



CHAPTER IV. 

OUTLINE OP PRINCIPAL FEATUEES AND ALTBRNATIVB 
MODES OF SHIP CONSTRUCTION. 

Transverse and Longitudinal Framing— Form and Function of Parts — Butts in Tmna- 
verse Framing— Framing in Double Bottoms — Regulations for Increasing the 
Number of Tiers of Beams — Comi)ensation for Dispensing with Hold Beams, a 
St«el Deck, Hold Pillars, Side Stringers — Necessity of Thorough Combination of 
Transverse and Longitudinal Framing — Structural Value of Shell Plating- 
Alternative Modes of Construction — Numerals for Scantlings. 

Possibly the knowledge of ship construction possessed by many readers 
may be of a very limited character, and in this chapter it is simply pro- 
posed to briefly enumerate the principal parts in the structural arrangement 
of ships, so that the names of such parts may become familiar, and to 
give a general idea of their functions. This plan, it is believed, will 
simplify the course pursued in this work, besides curtailing elaboration 
and explanation in the longest division of the book, dealing exclusively 
with "Details of Consti-uction." 

Framing. 

Steel and iron ships are usually built on a combination of two systems 
of framing, viz., longitudinal and transverse. (See Longxtudirud System, 
page 197.) 

Longitudinal Framing includes all girder forms of material which run 
in a fore and aft direction, whose function is to afford longitudinal strength. 

Transverse Framing embraces all girder forms which cross the longi- 
tudinal framework at right angles, affording transverse or athwartship 
strength. 

The strongest structure is obtained only when these two systems of 
framing have been intelligently woven together, the strength of the one 
co-operating with the strength of the other — that is, in relation to the 
work which, conjointly, they have to do. When this is accomplished, the 
whole is then covered by a skin, in the form of " shell plating " and decks, 
which not only stiffens and strengthens the skeleton or framework, but 
adds enormously to the total strength of the ship considered as a com- 
pound girder. 

Transverse Framing. — In order to preserve the transverse or athwart- 
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ship form of a ship under all the conditions of stress to which ships are subject 
in carrying their various loads in smooth and wave water, a girder or frame 
is placed at intervals of from 20 to 30 or more inches apart, all fore and aft. 
Fig. 6 gives an example of the simplest form of transverse framing. 
Here we have a half section of a comparatively small vessel showmg such 
a transverse frame, with what are known as ordinary floors. It consists of 
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Fio. 6. — Midship Section showing Transverse Framing with Ordinary Floors. 



a frame bar, a reverse frame bar, a floor plate, a beam, and a pillar or 
stanchion. The efficiency of the complete frame depends upon the thorough- 
ness of the combination of the various parts into one whole. 

Frames, — The frame bar, in this system of framing, is continuous from 
the top of the keel to the gunwale, extending from the top of the keel to 
the bilge along the lower edge of the floor plate to which it is riveted. 

Reverse Frames, — The reverse bar also extends continuously from the 
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middle of the upper edge of the floor plate on the opposite side to the frame 
(shown by dotted lines on the section) round the bilge, then on to the 
frame bar to the gunwale, except in the smallest vessels, though the alternate 
reverse bars do not usually extend to this height. 

Floor Plates. — The floor plate extends from bilge to bilge, either in one 
plate, or in two plates butted (joined end to end) alternately on either side 
of the centre line. The frame and reverse bars are riveted to its lower 
and upper edges respectively, converting the plate into a girder with top 
and bottom flanges, which strengthen it to resist athwartship buckling. 
(See fig. 6.) 

The height of the bilge ends of the floor plate above the base line is 
usually about twice the depth of the floor at the middle line of the ship ; 
and at three-quarters the half-breadth out from the middle line* it should 
be at least half the depth of the floor plate at the middle line. 

The advantage of carrying the floor plate round the turn of the bilge 
must be obvious, strengthening what is liable to be a weak place in the 
framing, especially in very square-bilged ships. At such a comer, " work- 
ing " is more liable when the vessel is subject to the severe stresses which 
are experienced among waves, tending to produce alteration in the trans- 
verse form. 

Beams, — The beam is a steel or iron bar, uniting (in a single-decked 
ship) the uppermost extremities of the frame, and preventing, by its own 
tensile strength and rigidity, the tendency of the frame heads to open 
wider apart from each other or to approach each other when the vessel is 
subject to stresses consequent upon loading, or from the pressure of the 
water upon the immersed skin of the ship. Beams thus perform the 
function of both struts and ties. 

Here, again, much depends upon the efficiency of the means of con- 
nection, and also in thoroughly supporting the angular connection of the 
beam to the frame. Hence it is necessary to form a web of plating (beam- 
knee) which should extend at least two and a half or three times the depth 
of the beam down the frame, to which it is securely riveted. We shall 
refer more fully to this in Chapter VII. Owing to the depth of the vessel 
illustrated in fig. 6, additional transverse support is required to the sides 
between the weather deck and the floors. An additional tier of widely 
spaced beams is thus introduced. 

Pillars. — It is scarcely necessary to say that, the shorter a bar is, the 
more rigidity does it possess, and also, that the fullest efficiency of any 
structure whose strength is made up of a number of parts can only be 
fully developed when such parts are combined in the most perfect maimer 
so as to cause the entire combination to act as one piece. Hence, in order 
to develop the full eflSciency of the transverse frame, its several parts must 
be " tied," in order to prevent their acting independently of one another. 
Pillars are therefore introduced, uniting the beam at the centre with the 
floor at the centre. These act both as struts and ties, preserving the 
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distance relationship of these opposite parts of the structure. Moreover, 
without pillars (or some structural formation equivalent to pillars — see 
figs. 87 and 102), any severe crushing stress upon the sides of a ship would 
tend to cause the beam to spring up at the centre, its great length reducing 
its rigidity and resistance to bending ; on the other hand, they are needed 
to support the numerous and varying loads — ^both stationary, as winches, 
windlasses, etc., and temporary, as deck cargoes. Where the beam is very 
great, additions pillars, termed quarter pillars, are introduced between 
the centre ones and the sides of the ship, or else a substitute of some kind 
is required. Before leaving, for the present, the subject of hold pillars, 
it may be pointed out, as shown upon pages 166 and 157, figs. 87 and 88, and 
page 1 67, fig. 1 02, and Plates XVI. and XIV., that both hold pillars and a tier of 
hold beams may be entirely or partially dispensed with by adopting a system 
of framing which combines in its formation all the structural advantages 
of hold beams and pillars, and moreover preserves a clearer hold space. 

ButU of Frame and Reverse Frame, — Though both the frame and the 
reverse frame have a break in their lengths at the centre line above the 
keel, in each case it is intended that the strength of these bai-s be continuous. 
To unite these ends by such means as will ensure this is therefore necessary. 
In the case of the frame, this is done by fitting a heel piece (a piece of 
angle iron about 3 ft. long, of the same size as the frames), on the opposite 
side of the floor and covering the butt, and in the case of the reverse bar, 
by fitting a short covering piece on the opposite side of the floor also. 
(See figs. 6 and 9.) These butt-covering bars also perform other services 
in the ship structure, as will be shown later. 

Transverse Framing in Double Bottoms.— The system of so construct- 
ing the bottoms of vessels as to make them capable of carrying water for 
trimming purposes or as ballast has become more and more universal during 
recent years. 

The earlier forms of these double bottoms were called M*Intyre tanks, 
after the name of the inventor. At first these tanks were so built that 
the transverse framing was maintained in the usual way, the inner bottom 
being formed by laying the plating upon fore and aft girders standing 
on top of the ordinary floors. In some cases the inner bottom plating 
extended horizontally out to the ship's side, where it was made watertight 
by fitting angle collars round the frames. In the most common form of 
M*Intyre tank, however, the tank side in each wing is formed by turning 
the inner bottom plating down perpendicularly to the bilge. Here, again, 
the frame bar was sometimes continuous through the tank side, or, as it 
is more usually called, the tank margin plate. But generally the frame 
bar, especially in vessels now fitted with these tanks, is cut at the tank 
margin plate, and a continuous angle bar fitted, making the connection 
between the tank side and the outer shell plating watertight. 

The continuity of the transverse frame strength in such cases is main- 
tained by connecting the frame legs to the tank side by large bracket plates. 
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Though M*Intyre tanks are less adopted than formerly, they are still 
fitted in some cases. Such a tank is illustrated in a midship section, 
fig. 100. 

The double bottom water-ballast tank now most commonly adopted 
is that known as the " cellular double bottom." The transverse framing of 
this system (and longitudinal framing dotted) is illustrated in fig. 7. 
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Fio, 7, — Midship Section showing Transverse Framing in a Vessel with i 
Cellular Double Hottom, also the Longitudinal Framing (dotted). 



Examination of the diagram shows the arrangement of the transvene 
framing to be somewhat interfered with, though, in effect, this modified 
arrangement is identical in principle with that previously described for 
vessels with ordinary floors. 

The water-ballast tiiiik extends from margin plate to margin plate, and 
from the keel to the top of the floors. Here we usually find that a 
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continuous deep plate runs fore and aft through the centre of the tank 
(centre keelson or centre through-plate). 

The continuity of the floor plate is necessarily interrupted, but the 
continuity of the transverse strength is maintained by connecting the 
floors to the centre through-plate by means of angles. The floors at 
the middle line are much deeper than required for ordinary floors, thus 
permitting a good connection, and somewhat compensating for the break 
in the continuity of the frames and reverses. The outer ends or 
extremities of the floors, called bracket plates, extend to exactly the 
same height as in similar ships with ordinary floors. But again, at the 
bilge, we observe that, in order to form the outer boimdary of the 
cellular bottom tank, the floors have to suffer interruption in continuity 
in order to allow the margin plate to pass continuously fore and aft> 
and fit hard on to the shell plating. However, by means of angle con- 
nections, and a considerable depth of floor at this place, a minimum 
for which \a definitely fixed by each classification society (margin plate 
width), a good connection is made to the bracket plate, or tank knee as 
it is sometimes called, and the shape of the floor is preserved to the height 
prescribed. 

In order to ensure the water tightness of the tank at this place, a 
continuous bar is fitted to the lower extremity of the margin plate, to 
connect it to the outer bottom. This necessitates another break in 
the continuity of the frame bar. The depth of the floor plate, however, 
enables a satisfactory connection to be made between the transverse framing 
inside and outside of the tank, by means of the bracket plate already 
mentioned. In exceptional cases the frames have been preserved con- 
tinuously from keel to gunwale, and the watertightness at the margin 
plate effected by fitting angle collars round the frames for the whole length 
of the tank. The reverse bar is also intercostal between the centre keelson 
and the margin plate, and then again commencing outside the margin 
plate, is continued along the upper edge of the bracket plate, and up the 
frame bar to its prescribed height. 

In all other respects, the upper framing, beams, pillars, and their 
connections are identical with those in the ordinary system previously 
referred to in fig. 6. 

Begulations for increasiiig the Number of Tiers of Beams. — So 
far, we have only dealt with a small type of vessel requiring but two 
tiers of beams. As vessels increase in size, however, not only for con- 
venience and adaptation for carrying cargo, but for reasons of structural 
strength, more tiers of beams, which may or may not be sheathed with 
a wood or steel deck, are introduced. If the vessel is classed, these are 
regulated by the rules of the classification society. Thus, we find that 
vessels classed at Lloyd's, when over 15 ft. 6 in. from top of keel to top of 
upper deck beam at centre, require, in addition to the weather deck, an 
extra tier of beams in the hold, which may be widely spaced — on every 
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tenth frame (see fig. 6); and when 24 ft. is exceeded, still another tier 
of beams is required. 

Compensation for dispensing with Hold Beams. — The introduction 
of an extra tier of beams in a ship of, say, 16 ft. in depth, may, however, 
prove a source of inconvenience to a shipowner in the stowage of certain 
kinds of cargo, and a similar inconvenience may also arise in the intro- 
duction of the third tier of beams in a vessel of, say, 25 ft. depth. 

In such cases, by modifying the transverse framing, these lowermost 
tiers of beams could be dispensed with, in the manner illustrated later in 
this chapter. First of all, we observe that these additional tiers of beams 
are required for purposes of strength. With ships of greater depth, and 
naturally, we infer, of greater breiuJth, the increased immersion produces 
vastly increased external water pressures, tending to crush in the bottom 
and sides of the vessel. 

Moreover, the loading of heavy cargo tends to distort the transverse 
form. Thus additional tiers of beams, supported from keel to uppermost 
deck by pillars, become necessary, unless a satisfactory method of com- 
pensation can be provided. This can be done by increasing the strength 
and rigidity of the transverse framing, the details of which methods are 
fully described a little later. 

Longitudinal Framing. — We have already observed that the special 
function of transverse framing is to preserve the transverse form, when 
experiencing the numerous and ever-varying stresses to which ships are 
subject. In a like manner, and to a much greater extent, especially hi 
vessels of great length, there is the tendency to alter in longitudinal 
form, as, in their pitching movements, they are subject to immense 
differences and sudden changes in the buoyant support afforded by 
the water, and to sudden twisting stresses when crossing skew seas. 
Moreover, such stresses may be greatly increased, especially imder certain 
conditions, by the filling of largo peak or other ballast tanks at the ends 
of a vessel, or in stowing very heavy cargo towards the extremities. 

Of what paramount importiince does an efficient arrangement of 
longitudinal framing become, will therefore be obvious. Thus we find 
that along the bottom, on the bilge, and up the side of a vessel are a 
number of girders of various forms extending all fore and aft, the continuity 
of whose strength is most rigidly maintained. 

Keelsons and Strimjers, — Fig. 8 shows the same section as fig. 6 with 
the longitudinal framing introduced. We may notice that all longitudinal 
girdera of whatever form, on the bottom of the vessel between bilge and 
bilge, are termed keelsons, and those on the sides above the bilge, stringers. 
The name given depends, not so much upon the form of the girder section, 
as upon the locality in which it is placed. The most important keelson 
girder is that stand inj^ upon the top of the floors at the middle line. It is 
composed of a vertical plate with two large angles on the top, and two on 
the bottom, the whole being mounted y)y a thick plate called a rider ptaie. 
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This girder is termed the centre keelson, and really forms the backbone of 
the ship. 

In order to prevent the floor plates tripping, that is, inclining either 
forward or aft, and to afford strength and stifliiess to the shell, it is usual 
to introduce what is termed an intercostal girder or side keelson, so named 
because it is composed of plates fitted intercostally between the floors in a 
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Fio. 8.— Midship Section showiDg the Longitudinal and Transverse Framing 
combined, in a Vessel with Ordinary Floors. 

continuous line all fore and aft, and connected to them by angles. In very 
small vessels, somewhat similar plates are fitted, whose height terminates 
at the upper edge of the floors. These are named wash plates, their function 
being to prevent any water which may have drained into the bilges (Jashing 
from side to side when the vessel rolls. This is also one of the functions 
of aide intercostal keelsons. But in larger vessels the plates are carried 
above the floors between two angles as shown in fig. 8, and thereby oon- 
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verted into a continuous keelson. Keelsons may be built up in a varietj 
of ways according to the dimensions and proportions of the vessel. These 
are more fully dealt with in Chapter VII. 

The next girder is on the bilge, and is called a bilge keelson. Further up 
the vessers side is a small girder, known as a side stringer (or it may be an 
upper bilge stringer). 

Deck Stringers. — At the gunwale, and on the lower tier of beams, are 
broad continuous plates fitted on the ends of the beams. These are deck 
stringer plates, and form most valuable girders in conjunction with the 
beams. Wherever a tier of beams is fitted, whether a wood or steel deck 
is, or is not laid, this thick stringer plate is always to be found. 

Centre Through-Plate. — In fig. 7 the longitudinal girders are shown 
(dotted lines) in conjunction with the transverse framing of the double 
bottom. Extending continuously down the middle line, and standing on 
the plate keel, is a deep plate, of the depth of the floors and tank. Indeed, 
the depth of the floor is regulated by the depth of this plate, the minimum 
width of which is fixed by the classification society. Two large angles 
on the top and bottom, mounted by a thick plate forming part of the 
tank top, make up the combination forming the centre keelson. It is also 
known as the centre through-plate, or centre girder. 

Intercostal Keelsons. — The next girder is usually intercostal, the floors 
being continuous, as a general rule, in merchant vessels. This is known as 
a side or intercostal keelson. Its continuity is maintained by connection to 
the floors by means of angles. 

Margin Plate. — At the bilge is the tank side, or margin plate, 
extending continuously fore and aft. This naturally forms an efficient 
bilge keelson, though not known by that name. Above the bilge, the 
arrangement of stringers is similar to that for the ship with ordinary floors. 

Necessity of thorough Combination of Transverse oAid Longitudinal 
Framing. — Even viewed separately, although both the transverse and 
longitudinal framing are absolutely essential for the work to be done, yet 
neither could possibly perform its own duty without the aid of the other. 
Whenever a longitudinal girder crosses a transverse frame, it ought to be 
carefully and thoroughly connected to it, if necessary, by the aid of small 
pieces of angle iron, or lugs, as they are often termed. For instance, in 
fig. 8 we find that the centre keelson is riveted to every reverse frame 
that it crosses on the top of the floors by means of its own bottom bars. 
But in order to get a doubly secure connection, a short piece of reverse 
bar (lug piece) is riveted to the other side of the floor, through the 
horizontal flanges of which the bottom bars of the keelson are riveted 
also. This same lug forms the covering piece for the reverse frame butt. 
The same principle of connection is applied to all the other keelsons and 
stringers wherever practicable. 

Structural Value of Shell Plating. — When the skin, or shell plating, is 
worked over this framework, the eflect is an enormous contribution toJijoth 
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transverse and longitudinal strength by more effectually binding together 
the whole structure into a single compound girder. Such a mode of con- 
struction, where one part is interdependent upon another for the utmost 
development of its own strength and rigidity, must commend itself. 

Fig. 1 shows the vessel whose framing has been illustrated in figs. 6 
and 8 with the shell plating in addition ; and similarly fig. 1 1 shows the 
vessel whose framing has been illustrated in fig. 7, with the modification in 
the framing caused by the hold beams being dispensed with and web frames 
and stringers introduced as compensation. 

The transverse framing stififens and assists the longitudinal, and the 
longitudinal stiffens and assists the transverse, in doing each its own 
work. The whole system of the structural work of a ship is based upon the 
principle that unity is strength. Each of the innumerable parts performs 
its work in conjunction with the adjacent parts to which it is closely related, 
thereby contributing to the perfection of the efficiency of the ship girder. 
Thus many severe stresses, which would at first appear to be of a local 
character, become general, simply because the particular part upon which, 
perhaps, they are first experienced, communicates a share of the stresses 
through the other girders which cross and are attached to it, to the area 
around. In this manner the stress is distributed over the structure, its 
local severity reduced, and the possibility of evil results minimized. 

Fig. 9 is a midship section of a large vessel, showing the longitudinal 
and transverse framing and the shell and deck plating. It also furnishes 
the name of each structural part, which no doubt may be of assistance to 
many readers in traversing the following pages. 

Altbrnativb Modes op Construction. 

Assuming, in the case of a vessel to be classed 100 A 1 at Lloyd's, that 
all the preliminary work of fixing the dimensions and getting out and 
approving of the design and general arrangement has been satisfactorily 
concluded, before any steps can be taken in the work of construction, 
structural plans must be prepared by the shipbuilder, and submitted for 
the approval of Lloyd's Committee. These plans usually consist of a mid- 
ship section, which gives a transverse view of the structure of the vessel 
amidships ; a profile, showing a longitudinal sectional elevation (see figs. 48 
and 49) ; and a deck plan ; and upon these plans the sizes or scantlings 
of all iron, steel, or wood, forming structural parts of the vessel, are 
distinctly marked according to the requirements of Lloyd's Rules. 

As we have previously observed, in the case of a classed vessel the 
responsibility of structural strength in relation to the weight to be carried, 
is borne by the classification society; hence both builders and owners are 
relieved from this, so long as the workmanship is of a thoroughly satisfactory 
nature. However, as the classification societies provide alternative modes 
►f arriving at the required structural strength, the owner has the option. 
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under the guidance and advice of his naval architect, of making the 
choice of the system most suited to his requirements. 

A ship is a girder composed of a host of smaller girders which comprise 
the framework. In the nature or the design of the framing the shipowner 




Fig. 10. — Midship Section of Vessel requiring two Tiers of Beams 
with Ordinary Frames and Floors. 



is free, to some extent, to exercise his choice. This can probably bo best 
illustrated by the aid of the diagrams figs. 10, 11, and 12. 

With Hold Beams. — Fig. 10 is a midship section of the vessel whose 
transverse framing we have already examined hi fig. 6. She has a bar keel, 
and is built on the ordinary floor system. Being over 15 ft. 6 in. in depth 
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from the top of the keel to the top of the upper deck beams at centre with 
the normal amount of camber, this vessel requires two tiers of beams. 
But while the beams in the upper tier are placed on every frame (2 ft. 
apart), the beams in the lower tier, which are exceptionally strong, are only 




m 



Section of Web frame 
through A B 

I — '-*i 



O O 




jfjhkturKaf 

Fio. 11. — Midship Section showing Hold Beams disiHjnscd with, and CompenaatioD 
in the form of Web Frames and Stringers introduced. 



required on every tenth frame (20 ft. apart). The transverse framing, 
supporting the side shell plating, is made up of two angle bars (the frame 
and reverse frame) fitted back to back, and the longitudinal frame girders 
are as shown in the section. 

Web Frames in lieu of Hold Beams. — Fig. 1 1 is a midship section of 
the same vessel as shown in fig. 7, and is of exactly the same dimensions 
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and external form as fig. 10. In this case, the vessel has a side bar 
keel, and is fitted with a double bottom. The hold beams are dispensed 
with, and in lieu of them^ transverse web frames are spaced on every sixth 
frame throughout the vessel's length. A section at a web frame is 
shown. It consists of a web of plating 15 in. wide, extending from the 
tank side to the upper deck beams. It is attached to the shell plating by 
an angle of ordinary frame size, and has two smaller angles fitted on its 
inner edge, or a single bar of larger size (equivalent sectional area) may be 
substituted. (When there is no double bottom, the web frame blends into 
the ordinary floor, and forms a complete continuous girder from gunwale to 
gunwale, and the transverse frames between the web frames are similar to 
those shown in fig. 10). The longitudinal framing consists of two web 
stringers fitted interoostally between the web frames. When the beams 
at the head of the web frames are continuous from side to side, they are 
fitted of extra strength, but elsewhere they are similar to the upper deck 
beams shown in fig. 10. 

Deep Framing in lieu of Hold Beams. — In fig. 12 the hold beams 
are again dispensed with, and compensated for by adopting what is known 
as deep framing. These deep frames, unlike the web frames, are upon 
every frame, and are made up of two large angles fitted together as 
shown on the midship section, fig. 12, which, in combination with the side 
stringers, possess strength and rigidity fully compensating for the omission 
of the hold beams. 

1. frames and bulb angles may be, and frequently are, substituted for the 
form of deep framing just described, in which cases the deep "l.'s should be 
^ in. thicker, and the bulb angles ^ in. thicker, than is required for deep 
frames, and of the same depth (depth here means distance from heel of 
frame to heel of reverse, AB in fig. 1 2). These additions to thickness make 
the three sections of framing of practically equivalent efficiency. 

Several alternative forms of side stringers may be adopted, one of which 
is shown in the diagram fig. 12. It may also be pointed out that, when 
the deep frame system is adopted, the tank bracket knees should be of 
extra depth, so as to provide ample support to the bilge, and the beam 
knees should be three times the depth of the beam. This somewhat 
cumbrous system of side stringers (fig. 12) has already been largely super- 
seded by a much simpler, lighter, and more compact form of stringer, as 
illustrated in figs. 88, 102, 109, 113, etc., in which cases the main frames 
are slightly heavier as compensation. 

The adoption of any one of the foregoing systems of framing would 
in no way interfere with a vessel's obtaining the highest class with any 
classification society. On coming to vessels of larger dimensions than the 
one with which we have been dealing, it is natural to expect that the depth 
and thickness of the transverse framing should increase, and that a greater 
number of side stringers should be required. But as soon as the depth 
exceeds 24 ft., we have seen that an extra tier of beams is required, and 
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the vessel, assuming that full scantlings have been adopted, becomes of 
" three deck " type. 




Fig. 12.— Midship Section showing Hold Beams dispensed with, and Compensation in the 
form of Deep Framing introduced. (See |>age 45 re further modification in Side 
Stringers.) 

However, that the vessel will have three tiers of beams does not neces- 
sarily follow ; for, just as in a two deck vessel the lower tier of beams may 
be dispensed with, in like manner, the lowest tier in a " three deck " 
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may be dispensed with by fitting in lieu, either web frames up to the 
middle deck, or deep framing. 

Fig. 48 shows the transverse framing of a " three deck " vessel of 34 ft. 
depth from keel to upper deck (not shelter deck) beam at centre (having 
thu normal camber), with deep framing in place of the omitted hold beams. 

Compensation in lieu of a Tier of Closely Spaced Beams and a Steel 
Deck. — Figs. 112 and 113, etc., illustrate the construction of a vessel of 27 ft. 
7 in. moulded depth, i,e, a vessel belonging to the " three deck " class. By 
ordinary rule she requires two steel decks and a tier of widely spaced hold 
beams. The lower steel deck, however, with its tier of closely spaced 
beams, has been entirely dispensed with, compensation (in addition to deep 
framing) being introduced chiefly by fitting large curved web frames in 
conjunction with each strong hold beam and its broad stringer plate, as 
shown. See fuller description, pages 176-9 

Compensation in lieu of Hold Pillars.— So seriously is the stowage 
of many cargoes interfered with by the usual system of numerous hold 
pillars at the centre line fore and aft, and in vessels of great beam by 
having pillars at the quarter breadth also on each side, that it is not 
surprising in recent years that attempts should have been made to get rid 
of these obstructions as far as possible. In the cargo vessel illustrated in 
figs. 104 and 105, the hold pillars are entirely dispensed with, saving one 
pair, or at most two pairs, of extra strength to each hold; see detailed 
description, page 169. 

The steam collier illustrated in figs. 108 and 109 has no pillars what- 
ever at the sides of the extremely large hatches for self-trimming, the 
support in this case being obtained by large bracket plates ; see descrip- 
tion, page 175. 

Then, again, the ingenious builders of the turret steamer (Messrs 
Wm. Doxford <fe Sons, Ltd.) have arrived at a system of construction 
whereby neither hold pillars nor hold beams are necessary. The details 
of the construction of these beamless and pillarless steamers, and the 
compensation introduced for such omissions, is fully described on pages 
154, 155, etc., and illustrated in fig. 87. See also Cantilever Framed 
Steamer, page 166 and fig. 102. 

Side Stringers entirely dispensed with.— Fig. 116 illustrates a bold 
innovation in the practice of shipbuilding — side stringers being entirely 
omitted. A description of the construction of these vessels will be found 
on page 179. 

Numerals for Scantlings. — In order to ascertain the scantlings of the 
material shown on the plans submitted to Lloyd's Committee, their rules 
give the following instructions : — 

Assuming that the vessel is to be of full strength, with, therefore, maxi- 
mxim rule scantlings, — add together (measurements being taken in feet) the 
girth of the half midship frame section of the vessel, measured from the 
centre line at the top of the keel to the upper deck stringer plate ; half 
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the moulded breadth ; and the depth (Lloyd's). The sum of these numbers 
gives what is known as the Ist nvmercU, By multiplying the 1st numeral 
by Lloyd's length, the 2nd nvmeral is obtained. By means of the 1st 
numeral, the sizes and thicknesses of all frames, reverse frames, depth and 
thickness of ordinary floors, thickness of bulkheads, and diameter of pillars 
are found from the tables in Lloyd's Book of Rules. 

The greatest breadth of the vessel at each deck regulates the size of the 
beams for each respective deck. 

The depth of the vessel regulates the number of tiers of beams, and 
the number of stringers. The 2nd numeral, both alone and in conjunction 
with the proportion of length to depth, regulates all the remaining 
scantlings, and the number of complete or partial steel or iron decks. 
It should be noted, however, that for vessels of over 24 ft. in depth 
(Lloyd's) — "three deck," notwithstanding the fact that the lowest tier 




Fig. 13. -Length between Perpendiculara. 

of beams may be dispensed with by making compensation in some form 
or other — the Ist numeral is obtained hy d^ucting 7 from the sum of the 
half girth, half moulded breadth and depth ; and the 2nd nvmeral by 
multiplying the Ist numeral thus obtiiinod by the length in the usual way. 
For the lighter types of vessels, known as " spar " and " awning " deck, 
the 1st numeral is obtained by adding together the half girth and Lloyd's 
depth taken to the main deck (sec fig. 1 4), together with the half moulded 
breadth, and the 2nd numeral is the product of the 1st numeral by the 
length of the vessel. (Sec fig. 9 for Lloyd's depth.) 

In the book of Lloyd's Rules, these numerals are all arranged in a 
graduated tabular form, and adjoining them is given the scantling of the 
material, or stnictural item or items which they govern. By referring to 
these rules, and the notes accompanying them, the particulars of scantlings 
given along with the midship section, fig. 10, are found, as are also the 
tables of scantlings on pages 111 jind 112. 

After considering the special features of the vessel in question, and 
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adjusting the scantlings where necessary, 
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the plans are returned to the 
shipbuilder, who sees to the 
ordering of the steel and 
iron, and whose draughtsmen 
proceed with the work of 
drawing the detail structural 
plans for the workmen in the 
shipyard. 

Definitions op Important 
Terms. 

1. Length between Per- 
pendiculars. — This is the 
length usually agreed upon 
by shipowner and shipbuilder 
when contracting for a new 
vessel, and is that generally 
understood when speaking of 
the length of a vessel. For 
vessels with straight vertical 
stems, it is taken from the 
foreside of the stem bar to 
the aft side of the stem post. 
When the stem is raked, that 
is, inclined forward, from the 
foot, the length is measured 
from the fore side of the 
stem bar at the upper deck. 
Should the vessel have a 
clipper or curved stem, the 
length is measured from the 
place where the line of the 
upper deck beams would in- 
tersect the fore edge of the 
stem if it were produced in 
the same direction as the part 
below the cutwater (see fig. 13). 

2. Length over all is the 
length measured from the 
foremost tip of the stem bar 
to the aftermost tip of the 
overhang of the stem. For 
vessels with straight steins it is 
practically the extreme length* 

3. Lloyd's length is the 

4 
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same as the length between perpendiculars, except that the length is 
taken from the after side of the stem to the fore side of the stem post. 

4. Begistered length is measured from the fore side of the tip of the 
stem bar to the after side of the stem post. 

6. Extreme breadth is measured over the outside plating at the greatest 
breadth of the vessel. This is also the BegiBtered breadth. 

6. Breadth moulded is taken oyer the frams at the greatest breadth 
of the vessel. 

7. Depth moulded is measured in one, two, and three deck vessels at 
the middle of the length, from the top of the keel to the top of the upper 
deck beams at the side of the vessel. In spar and awning decked vessels, 
the depth moulded is measured from the top of the keel to the top of the 
main deck beams at the side of the vessel (see fig. 14). 

8. Lloyd's Depth. — This is somewhat different. It is required that 
all upper decks, and all main decks in spar and awning decked vessels 
(see fig 14), have a round upon them, the height of which at amidships 
amoxmts to a quarter of an inch for every foot of the greatest breadth of 
the deck. This is termed "camber," "round up," or "round of beam." 
This is added to the moulded depth, and gives Lloyd's depth. With this 
modification, it is otherwise the same as No. 7. 

9. Depth of Hold. — This is measured from the top of the ceiling at 
the middle of the length in vessels with ordinary floors, or from top of 
ceiling on double bottoms, if ceiling is laid, or from the tank top plating 
when no ceiling is laid — to the top of the beams of upper, spar, or 
awning decks. This is also the Begistered depth (about 2^ in. is the 
usual allowance for ceiling). 

10. Extreme Proportions. — A vessel is said to be of extreme propor- 
tions when her length exceeds eleven times her depth (moulded depth plus 
camber). Under such circumstances, additional longitudinal strength is 
required over and above that necessary when of ordinary proportions. 



CHAPTER V. 

STEESS AND STHENOTH. 

Preliminary. — Forces exerted upon Ships — Water Pressures — Pressure per Frame Space — 
Estimated Pressure upon a Bulkhead and Centre of Pressure — Pressure upon a Tank 
Top — Tendency to Transverse Deformation — Longitudinal Stresses in still water and 
Tendency to Longitudinal Deformation — Bending Moment on a Loaded Bar — 
Possible effect of a bad disposition of Weights in a Ship — Longitudinal Stresses in 
Wave Water and Tendency to Longitudinal Deformation — Local Stresses, Pant- 
ing Stress, Stress duo to Propulsion by Steam, Stress due to Propulsion by 
Sail, Stress caused by loading Heavy Cargoes on deck and the shipping of 
Heavy Seas, Rudder Stresses, Strains from loading aground, Stresses upon 
Vessels which are temporarily only pai-tially waterborne, Launching Stresses — 
Stress and Strain — Ductility and the Elastic Limit — Moment of Inertia — Curve of 
Ix>ad8 — Curve of Shearing Stresses — Curve of Bending Moments — Stress per Square 
Inch — The Equivalent Girder — Computation of Moment of Inertia of Compound 
Girder — Stress per Square Inch upon Upper and Lower Surfaces of foregoing Girder 
— Bending Moment of an actual Ship ; Curve of Weights, Curve of Buoyancy, Curve 
of Loads, Curve of Shearing Forces, Curve of Bending Moments — Moment of Inertia 
of Actual Ships — Comparison of Vessels — Disposition of Material— Etfect of Modifi- 
cation in Depth of Transverse Frames — Value of Stress Calculation — Calculation 
for Position of Neutral Axis and Moment of Inertia of an Actual Ship — Estimate of 
Bending Moment for an actual Ship, and Stress per square inch — Value of Regis- 
tration Societies to Shipowner — Comparison of Stresses on Vessels increasing in 
size— Further Remarks upon the Value of Stress Calculations — Working Stress— 
Erections on Deck — Board of Trade Instructions for Comparing the Strength of 
Vessels for Freeboard Purposes — Deductions — Calculation to find Neutral Axis — 
Calculation of Moment of Inertia of a Vessel when supported upon Wave Crest at 
Middle of Length, and thus subject to Hogging Stresses. 

Frdiminary. — Having become acquainted in the previous chapter with 
the general structural features of ships and the usual disposition of both 
longitudinal and transverse framing, it follows in the natural order of 
things in traversing the wide area of the field of ship construction, that at 
the outset it is of the highest importance that a comprehensive knowledge 
of the numerous and severe stresses which ships have to endure under 
varying circumstances in following their various trades be possessed. And 
not only should the strength of individual pieces of steel or iron when sub- 
ject to tensile, compressive, torsional or shearing stresses be fully under- 
stood, but the strength value of girders and combinations of girders variously 
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disposed, such as are found in the structure of ships, should be comprehended. 
Indeed, without such knowledge as this, it is absolutely impossible to in- 
telligently determine the structural arrangement of ships, so as to obtain 
anything like the highest degree of efficiency. 

The stresses to which ships are subject are usually classed under three 
principal heads, and arranged in order of their importance as follows : — 

I. Longitudinal Stresses. 
II. Transverse Stresses. 
III. Local Stresses. 

However, although it is intended to observe and enumerate the chief 
stresses which come under each of these divisions, to adhere rigidly to 
this order in dealing with them is neither necessary nor advisable. 

It was pointed out in an earlier chapter, that when a vessel is classed 
at Lloyd's, or with any other classification society, the responsibility of 
structural strength and efficiency of the workmanship is borne by the 
society in question. Their special work is to consider the numerous 
and varied stresses to which ships are liable in smooth and wave water, 
and to specify in their rules the nature and disposition of material to 
ensure against structural damage arising as the result of the continuous 
or occasional presence of these stresses, when vessels are properly, or 
rather, intelligently loaded and ballasted. 

These societies, however, whose business is conducted and superintended 
by men of great scientific and practical experience, are always willing to 
accept, and substitute, any proposed mode of construction, providing that 
its efficiency is equal, or superior, to that prescribed in their roles. 

A huge accuinulation of material does not ensure a strong vessel, and 
therefore the most heavily constructed ship is not necessarily the best 
Ships are not built to be marvels of ponderous massiveness, strength, or 
weight. Far from it. Cargo or merchant ships are built to earn 
money, and in these days of keen competition, economy in design, in 
working, and in maintenance, are primary considerations to every 
shipowner. The lightest ship is therefore the best ship, that is, if 
she possesses sufficient strength for the demands which will be made 
upon her in carrying her maximum load in all the probable conditions 
of weather she will experience. 

Every ton of unnecessary iron, or steel, or wood, or other constructive 
element in the ship, means a ton less freight, and reduced earning power. 
Too much attention, therefore, cannot be given to the careful study of every 
detail in the design, and the alternative modes of construction. 

Forces exerted upon Ships. — It is thus proposed at this stage to con- 
sider, as briefly as is consistent with clearness, the varying forces which 
exert themselves upon ships, and to observe the nature of the resistance 
which the structure, as a whole, offers to deformation and fracture. 

Wafer Pressures. — To attempt to dispose of the structural materia] in a 
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Vessd, before fully comprehending the nature and magnitude of the various 
stresses which are experienced, could only result in most imperfect design 
and misplacement of strength. 

To those who have given little consideration to this aspect of the 
suliject, many peculiar and sometimes amusing ideas present themselves 
as reasons why ships float. But, on careful investigation, there is nothing 
mysterious after all. All ships, no matter what their weight may be, are 
subject to the same gravitation influence as all other structures, and, like 
them, have to be supported if they are to maintain a condition of 
equilibrium. Thus, if it were possible to suspend a ship weighing, say, 
2000 tons, on a spring balance, in mid air, and slowly lower her into 
the water, we should find that on first touching the surface she would 
still weigh 2000 tons. But immediately she began to be partly immersed, 
the balance would register an alteration in the weight, decreasing gradually 
in a proportion strictly in accordance with the amount or volume of 
immersion from 2000 tons down eventually to nothing, when the ship 
would remain stationary, with not the least tendency to become either 
more or less immersed. Indeed, she now oflers determined resistance 
to any alteration in draught so long as neither additions nor deductions 
are made to her original weight. Though the balance registers tons, 
reason forbids our assuming that the ship has decreased in, or lost^ 
weight What it does prove is, that the balance has gradually been 
Telieved of, or freed from, the effort of supporting the original 2000 
tons, the support having been gradually obtained from an evidently 
upward pressure from the water, which increased as the ship cx>ntiuued 
to be further immersed, until it was able to support the whole of the 
2000 tons, at which moment the balance showed tons. 

So that when we talk about a ship, floating, we simply mean that 
she is being supported by the water. To balance this ship in mid air 
by means of supports, say, pillars of iron, would be no easy matter. 
A ship is a huge, bulky object ; her weight is enormous, and a very 
careful estimation of the strengths of the supports, and their number 
and positions, would have to be made in order to safely effect this. 
But in water, the support and balance are perfect. There are exactly 
2000 tons of upward pressure from the water to exactly support the 
2000 tons downward pressure of the weight of the ship, the balance 
being perfectly effected by the centre of the support (or the resultant of 
all the supports) termed the Centre of Buoyancy, and the centre of the 
weight, termed the Centre of Gravity, being exactly in the same vertical 
line, which condition is absolutely essential in order to preserve an exact 
balance, or, as we say, equilibrium. The net result is, that we have 
two equal and opposite forces exactly neutralizing each other, and 
producing no result whatever. 

A ship, or any object capable of floating, on being launched, or by any 
means placed in water, immediately, by these natural laws, places herself in 
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a {I'.Hiiii.n f.^irh a^ ue L^vf .!.-;4criU-il ; in«]e(."i, *he must do so W-.Tr 4 
ton-iiti'iii fif r*'M r.iu )tr ni:iinUined. 

\V« h.'ive 1"- fi iIjU niiy ol.jiM-t Hoating in water is cjupp Tted bj :bt 
|iri-^-!ir»- i.r thrii.-^l, <!• riw.il frrmi the water itself. Ujion every part of ibr 
iiiiiiit:r>i(l Miif.iif ..f ;i fl'iatifu' object, the pressure i.s exertetl in lines ^f 
iirtii.ii jfOrjMiniiruliir to th(^ Hurface. This is in'Iirated in Jiasrraiu 15 
Ky the liru-H of Wiit»r pp-.s-un', in the variuud immersed, or partial]? 

iMllIH-rKHJ (tlljiM'tS. 

Ah till- jlin-ction in whirh wutiT pressures exert themselves is of verr 
^n.it. inii'orliincu in determining the Rtructunil strength of immersed, or 
piirtiniiy iinhnTHiMl (dijuctn, a little ezpuriiuent, confirming the urecediiu; 
HtiitiMiMMit Ihiit they act in linos perpendicular to the surface immersed, will 
\>M tif intcrt'Kt. 

SuppoMc a vcHRcl <»f tlie form sliown in diagram 16, perforated all over 
ilK Hiirfatu' with Rinall holes, to he filled with water. It would be found 
that tlit^ water would Hrpiirt out of the holes in directions perpendicular to 
tin* Hiirfsico <if the vessel at each part, thus indicating that the pressun» 
on the intornal surface of the vessel are perpendicular to the surface 
actrd upon. Sl-i' Wfi. Ifi, A, pa^'o 56. 

Orapiin, supposi^ the ^*ame vessel to bo suddenly immersed in water. 
In this rasi', water would squirt into the vessel in directions perpendicular 
to the surfiM't>, thus n^Min proving that the external pressures are exerted 
in lines piTjuMidirular to the immersed surface. See iig. 16, b. 

Ki^. t/, ^ •', -^ f\ f\ and r; on the next page will enable us to make a 
bimi>le analy.Ni:« of iho,i' fonvs, and in some degree estimate their amount 

First, tlnM», wi« will tako tig. a. This is a rectanguhir box vessel, 
whoso bottom Murl-».M' lias an area of exactly 1 sq. ft., the height of the 
|)ox beinj:. s;»y. - ft. <> in. Let the water in which this vessel has to be 
innnersed he frosh wator. Tlu' box is so weighted as to produce a total 
^.^.jplit of (VJA lbs. 0\\ plaoioi; {\w box in the water, we should find that 

it wi 
At "*^ 



•I woulJ »*i"^ "'^*'^ '*'' diaui;lit, or immersed depth, is 1 ft, proving that 
\ no los^» *^«1'*^* ordiauiihl was tlioro tVJi IKs. of upward pr.-ssur>e from 
* .-tor. •^'* '^^^ ^^'*^*'^ prossaros aot perpi'udioularly to the immersed 
^'^® ^^^* onlv ll^^^^^^ *'" *^^'' houom ,.f the box aot Vfrtic;illy, the others on 
pnrf«<^i ^ '^^ |,on/onially. Tlio horizontal pressures affoni no supjvrt 
the «»i^'^ ^J . ^^^j^.^, Ivinj: ^^^^Iv exerted to oru:?li in the sides of the vessel, 
vhftt*?^'^^' * ^!\ , pvo^suiv tor tho s;i]^p.Tt of the ve>sol is therefore provided 
»fbe whole 01 ^* ^^^^^^^^^ ^^^^ ^]^^, Ivttom of the K-ix, and tb.eir total pressure 
bytbeVcrti<*M^J^\^^^,^l^nto>upport the iVJi lbs. of weight vf the K-.x. 
imvtO<l^^*^^-5^ '■-^ i» torm^^'^ •%.\:.in-:.. Now •/:..> uiwArd pressure.* 
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That is, the same area 
of bottom sarface is 
exposed to exactly 
twice the amount of 
pressure ; and so on, 
the pressure increasing 
proportionally to the 
depths of immersion. 

Thus the total area 
of immersed surface 
has no relation what- 
ever to the amount of 
support given. 

Fig. b has not twice 
the total immersed 
surface of fig. a, 
though the draught 
is exactly twice as 
much, but it (b) cer- 
tainly experiences con- 
siderably more than 
twice the total pres- 
sure upon its total 
immersed surface. 

Owing to the in- 
crease in pressure with 
increase in draught, 
we have seen that on 
b there is twice the 
upward pressure on 
the bottom. Then 
the sides of b for 1 ft 
down have the same 
external pressure as 
in fig. a, but for the 
second foot down, the 
pressure is twice as 
great as on the sides 
for the upper foot 
To sum up, there- 
fore, the bottom of b 
experiences twice as 
much upward pressure 
as the bottom of a 
and the sides four 
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times as mach« This will be made clear by fig. 17 aud ihe accompanying 
notea 

The ratio of the increase in these horizontal pressures is most important, 
for they show that on such a surface as a watertight bulkhead to a peak 
tank, or a deep ballast tank, in order to get maximum efficiency, the distri- 
bution of strengthening materials should not be made uniformly over the 
area of the bulkhead, but rather in accordance with the stresses endured 





Fio. 16.— Water Pressares. 

locally over the bulkhead owing to the water pressures. Did area of im- 
mersed surface regulate the amount of support afforded by the water, then 
such an object as d, fig. 15, ought to have exceptional support But this is 
not £0, for the only support is again from the vertical pressures, which have 
a very small area upon which to exert themselves, and consequently, in order 
to receive the support necessary, a considerable depth has to be reached. 
Had the same object been placed horizontally in the water as in g^ fig. 15, 
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Fio. 17. — Total side pressure upon a = 1 sq. ft, x 4 sides x 81J lbs. = 125 
»> » M „ * = 2 „ „ X 4 „ X 62i „ = BOO 

then, though the total immersed surface would be greatly reduced, yet the 
much greater surface exposed to vertical pressure would require only slight 
immersion in order to obtain the amount of support necessary. 

Thus, in two vessels of different proportions but equal displacements^ 
the one whose draft is greatest will experience most crushing pressure on its 
external surface. 

Fig. 15, e, shows the nature of the pressures upon a cylindrical ohject 
floating in water. Here, although all the pressures are perpendicular 
to the immersed surface, yet only a small proportion are truly Tortioal 
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and horizontal. The others are more or less oblique, and afford support 
in proportion to the degree of vertical tendency they possess, so that the 
resultant of all the upward pressures is equal to the weight of the cylinder. 
The total of the external pressures experienced in this case also, represent 
a force exceeding the weight of the cylinder. 

Fig. 15 e is a spherical object suspended as shown, its weight being 
such that the water pressures are incapable of supporting it in any partially 
immersed condition. The result is that it would sink. But if it is true that 
the vertical pressures increase with the depth, surely it ought to be able 
to receive a sufficient support at some definite depth below the surface. 
At any rate, this is sometimes the reasoning of younger students. But 
suppose the sphere is allowed further immersion, as in/, we shall see that 



Water Level 




Fio. 



A r 

18. — Diagram illustratiDg the Calculation for amount of Water Pressure 
on a single Frame of a floating Vessel. 



it has really received no more ultimate support than at e. In these cases, 
where there is total immersion, we have vertical pressures downwards upon 
the upper surface of the sphere, as well as upwards on the lower surface, 
and thus, just in the same proportion as the upward pressures increase with 
depth, the downward pressures increase for the same reason also. There 
is therefore no position of equilibrium for totally immersed objects between 
the surface and the bottom of the water, unless, as in the case of submarine 
vessels, some means exist for increasing the displacement, or of propelling 
the vessel vertically. 

Thus, on account of this increasing pressure as greater depths are 
reached, objects which couM easily endure the external pressure at or near 
the surface^ collapse entirely at greater depths from the excessive crushing 
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strain experienced. While fresh water exerts a vertical pressure of 62^ lbs. 
per square foot at 1 ft. depth, sea water (salt) registers 64 lbs. owing to its 
greater density. 

Pressure per Frame Space. — But suppose the designer of a vessel, in 
considering the strength of the transverse framing, is desirous of knowing 
the amount of water pressure upon the area of the space between any two 
consecutive frames, or, what amounts to the same thing, the amount of 
pressure per frame, the result may be arrived at in the following manner. 

Let fig. 18 represent a section of the vessel up to the water level at 
which the pressure is required. Assume the frames to be spaced 2 ft. 
apart. Divide the half girth, which is 28 ft. from keel to waterline, into 
divisions similar to those shown in the fig. As the pressures increase in 
direct proportion to the depth, the pressure in lbs. upon the area of each 
division is found by multiplying its area in square feet by 64 lbs. (salt 
water), and this product by the distance of its centre of gravity below the 
water level. 

The calculation would be as follows : — 



Spaces. 


Areas sq. ft. 


lbs. 


Distance of G.G. 

below water level. 

ft. 


lbs. 
pressure. 


2' X 10' 
2' X 6' 
2' X 12^ 


20 
12 
24 

F 


64 
64 
64 

^resspre upoi 


6-00 
1276 
16-00 

1 one side of vessel = 


6,400 

9,792 

28,040 


: 39,232 lbs. 
2 


78,464 lbs. pressure upon 
whole frame space for 
both sides. 



Estimated Pressure upon a Bulkhead and Centre of PreBSure. — Or 
again, suppose it is desired to determine the amount and distribution of the 
pressure upon a bulkhead, assuming that a compartment be perforated, and 
partly, or just filled with water ; and also how to apportion the structural 
strength to best withstand such pressure. 

Let fig. 19, a, represent the front elevation of the bulkhead up to the 
height to which the water has risen. Being rectangular, the centre of its 
area is obviously 6 ft. below the top. Then the total pressure upon the 
bulkhead is 10 x 12 x 64 x 6 = 46,080 lbs. 

But as we have seen, the water pressure increases directly in proportion 
to the depth. The distribution of this pressure can be illustrated as 
follows : — 

Let AB (b) represent the bulkhead in section. Make EC equal to 
A B, or, for the matter of that, it may be drawn to any scale. Join A C. 
It follows that all horizontal lines from A B to A G will be proportional to 
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the pressures at the various depths. The area of the triangle of pressure 
ABC represents the total pressure upon the bulkhead A B, and its centre 
of gravity represents the vertical height of the * centre of pressure* upon 
the bulkhead, or the point at which the bending moment upon the 
bulkhead attains its maximum. In the case of a triangle, the centre of 
gravity is at one-third the height from the base, hence the centre of 
pressure is situated 4 ft. from the bottom of the bulkhead. The shearing 
stresses, on the other hand, increase with depth, and therefore reach a 
maximum at the lowest depth, or, in other words, at the bottom of the 
bulkhead. 

Theoretically, the structural strength arranged vertically on a bulkhead 
should gradually increase in dimensions down from the top to the point at 
which the bending moment reaches its maximum (at the centre of pressure) 
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FiQ. 19. — Pressure upon Watertight Bulkhead. 



and be again reduced towards the bottom. Similarly, structural strength 
arranged horizontally should be distributed in the same manner. In actual 
practice, however, as shown in Chapter VII., theoretical deductions often 
require modification. It will be obvious, however, how essential it is that 
the structure of the bulkhead be firmly secured at its bottom extremity. 
How this is done we shall see more clearly when we come to deal with 
the actual structure of bulkheads. 

In the case of an actual ship bulkhead which is not absolutely 
rectangular, the calculation for centre of pressure would be arranged as 
follows : — 

First divide the bulkhead into a number of parallel areas of equal 
breadth, as shown in fig. 19, each in this case being 2 fuet wide. Next, 
determine the number of square feet in each area, and the distance of its 
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:^=.»» :c zTk't'itj Inj.'v ibf top of tbe bolkhead. Then find the pressnic 
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11,520 

62,r20 
103.6S0 
15I,S80 



»*.•>*) 46,080)366.050 

C<ai:v of PneHBire belov top of Bulkheati = 7*94 ft 



T:.j r>L^u'.: is uti^rir S :«et^ prmcticdlj } depth down from lop of 
U'k .id. 

Pressure upon a Tank Top.— As further illastration of w^ler pressure, 
take a v^ier hiUas: uiik, Llled lo i:^ utmost ca(«citj by mediiis of a pump 
wh.is« dis^*b.Ar^e pressure i5» atr, 10 Ihs. per square inch, and no meaoAof 
e^oij^e prfviiei. 

Sujixv^ii-jT :•.♦: lank 1* 50 feet L»ng and 20 feet vide» and pumping to 
prKt^ed afier the tar.k is falU the {pressure upon the top of the tank will 
amount to 10 ilvs. |^r squire inch, or ujvn the whole auxfaco : — 

-40 " 3^5.ton8. 

Or, to uke an.uher example^ suppose that a pij* of, aay, 1 cqnare inch 
8<:-otional area, 20 ft. loii^, and I'peu at the top end, be placed verticaUy ia 
the top of a double Wttom tank, and that water be pumped into it until it 
overflows at the upjier ejctivmity of the pij^ The pressure at thft 
bottom of the pipe would W e^^ual to the weight of water in the pipa 

^\'''2E~^~Y^ 6*7 lbs. ^frvsh water taken), that is, the pressure upon 
the inner surface of the top of the t;ink is S'7 1K<, jM?r square inch, or, upon 
an area 20 ft by 20 ft. the pressure would be -^^-^^^^^^^2 « 223-7 

iona 

This 19 the method usually adopted in testing the watertightness and 
general efficiency of cellular, deep, and other tanks. 

The value of sufficient and properly disposed air pipes, apart altogether 

* The horisontsl ftript being taken narrow enough, this approximate leverage ia 
sufficiently accarate for pnu;tical porpoaea. 
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from any consideration of ventilation, will be obvious, and the possibility of 
causing damage to an inner bottom or other tank top, through pumping up 
these tanks with air pipes closed, and no other means of exit for air or 
overflow water, will also be apparent. 

Tendency to Transverse Deformation. — Having shown by the fore- 
going examples the mode of calculating the amount of pressure upon an 
immersed surface, it is proposed to illustrate, by the following series of 
sketches (figs. 20-24), the tendency to deformation of transverse form 
in the hulls of ships caused by these pressures, as well as by other crushing 
forces which are experienced under varying circumstances. It should be 
understood, however, that though the tendency of any such deformation as 
may be illustrated undoubtedly exists, yet in a well-constructed vessel, such 
tendency never betrays its existence, simply because the structural strength 
has been intelligently distributed to resist it, that is to say, to render it 
practically imi>erceptible. 



Fio. 20. — Showing direction of Water Pressures upon Immersed Hull of Ship. 

Here the transverse form of the vessel floating in an upright condition is 
shown, and upon its immersed surface are indicated the lines of water 
pressures. 

The resulting tendency, owing to the application of the aforo-mentioned 
pressures (see page 54), is illustrated in fig. 21. To resist such deformation, 
the vessel must have efficient transverse girders or frames, and especially so 
along the bottom where the pressures are greatest. The topsidcs are kept 
in place by the beams, which are connected to the frame heads, and act as 
both struts and ties. The strength to the sides is assisted at intervals of the 
depth by transverse struts in the form of tiers of beams. The bottom is 
stiffened by means of deep transverse floor plates placed vertically 
(usually on every frame), which are further assisted by the keelsons, and by 
being tied to the decks by means of the pillars, numbering at least one in 
the breadth. 
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In fig. 22 we see the same transverse section of the vessel suhject to 
the same water pressures, but, in addition, it is supposed that a severe local 
stress is caused by the concentration of some very heavy deadweight such 
as cargo of great specific gravity; deep water-ballast tanks; engines, 




Fio. 21.— Tendency to Transverse Deformation due to Wuter Pressnrcs. 

boilers, and bunkers (especially in a light ship). The tendency is to elon- 
gate the vessel vertically, and to cause the insufficiently supported bottom 
to droop ; while the tendency for the topsides to contract causes the deck to 
spring in the middle. Resistance is offered to such deformation by the 




Fio. 22. — Showing tendency to produce Vertical Elongation. 

same transverse framing as enumerated for ^g. 21, assisted by the same 
longitudinal girders. Here, especially, is seen the great value of pillan 
acting as ties, binding together the top and bottom of the vessel, and hold- 
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ing the beams and floors in their true relative positions. The value of 
efficient means of connection between the side framing and beams, and side 
framing and floors in the form of webs, will also be very evident 

Neglecting the tendency to deformation caused by the water pressures, 
in fig. 23 we have assumed the deck to be subject to a heavy weight placed 
upon it, producing the tendency to droop at the middle. On most vessels 
there is considerable deck weight in the form of winches, windlass, houses, 
bollards, and other deck furniture. In addition, many vessels carry very 
heavy deck cargoes in the form of timber, etc But apart from intentional 
deck loads, huge heavy seas are sometimes shipped upon deck, producing 
enormous and sudden strcbses, which, even in large new vessels, built to the 
highest class, have been known to sheer the rivets in the beam knees, 
damage the hold stanchions, carry away hatch coamings, and effect other 
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Fio. 23. — Showing tendeucy for deck to sag at the middle, owing to heavy 
Deck Weights or Shipped Seas. 



damage, in addition to producing considerable sinkage in the deck, as 
illustrated in the above figure. 

The principal structural parts resisting such deformation as described, 
are deck beams connected to the side framing by efficient knees well riveted, 
and supported by thoroughly efficient pillars well connected at heads and 
heels. 

In fig. 24 the same vessel is supposed to be subject to violent rolling in 
wave water, which movements, aggravated by the inertia of cargo in the holds, 
or water in large ballast tanks, tend to severely rack the transverse form of 
the vessel, and to produce such distortion as illustrated. To prevent this 
deformation, the localities where such working is most likely to be 
experienced — viz., at the junction of the uppermost deck with the sides, 
and at the bilge — should be well strengthened. This is done by making 
the connection between the beams and the side framing by webs of plating 
(knees), and connecting the floors to the side framing by similar, but larger 
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webs, — turned up floors in the case of ordinary floors, and brackets where 
double bottoms are fitted. See figs. 6 and 7.* 

There are certain other severe local stresses, chiefly afifecting the 
transverse form, to \^hich ships are sometimes subject. These, however, 
are generally the result of ignorance on the part of those responsible, and 
neither the naval architect nor the rules of any classification society pretend 
to fully provide for them. 

The first of these is the case where a vessel is in dry dock with 
an insufficient number of blocks supporting the keel. Consequently 
enormous pressure is experienced on the bottom in the way of each block, 
with the accompanying tendency to crush in the bottom and produce great 
distortion locally in the transverse form, .and serious damage to the bottom. 

The second is that of a vessel in dry dock, when an ample number of 
blocks has been placed under the keel, but insufficient support afforded at 
the bilges owing to the bilge blocks being too widely spaced. Here the 
tendency is for the bilges to droop. Such straining is all the more severe 




Fk;. 24. — Illustrating tendeucy to deformation due to Backing Stresses. 

and complicated when the vessel has cargo in the holds, or, in addition to 
the weight of the engines and boilers, side or cross bunkers are full, or 
deep water-ballast tanks happen to be full. An approximation to the 
amount of the transverse bending moment may be obtained by multiplying 
the weight (W) in any locality on one side between the keel and side, 
by the distance of its centre of gravity out from the centre of the keel 

{X). 

W X ar= bending moment. 

And lastly, wherever there is very excessive preponderance of weight 
over buoyancy, or buoyancy over weight, in any locality in a vessel, though 
the efiect may not be to produce a longitudinal bending moment^ yet it tends 
to produce local bulging. 

* Transverse complete or partial bulklicads in holds and 'tween decks, in addition 
to providing excellent support to the longitudinal framing, arc of great value in resistiog 
sach deformation as is liable to be produced by severe transverse racking i 
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Longitndinal Stresses in still water and Tendency to Longitudinal 
Deformation. — ^While such stresses as illustrated from fig. 20 to 24 may 
be very severe both in smooth and wave water, they are probably the most 
easily provided against in the construction of a ship. They are known as 
^Transverse Stresses^ When we come to deal with fore and aft, or 
longitudinal stresses, much more difficulty, however, is experienced. 

In fig. 25 we have a longitudinal elevation of a ship floating in smooth 
water, at the water line indicated. The stresses borne by the hull in con- 
sequence of the water pressures on every part of the immersed surface, tend- 
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Fig. 25.— Diagram illustrating the excesses of Buoyancy and Weight at intervals 
throughout the length of a vessel in a light condition. 
Upward arrowed lines represent buoyancy in excess, and downward arrowed lines 
represent weight in excess. Where both arrowed lines appear, the weight and 
buoyancy are equaL The thick vertical lines A B C D represent bulkheads. The 
space between B and C = engine and boiler space. The spaces between A B and 
C D = cargo spaces. Note, — The draught on the diagram has been exaggerated, 
in order to more clearly illustrate the weight and buoyancy by means of the arrow. 

ing to crush in the bottom, sides, and ends, are unavoidable. But even 
though lying motionless upon the water, it is quite possible that other stresses 
of considerable importance may exist. 

Let fig. 26 be a box-shaped vessel which, though drawn to a smaller 
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Fio. 26. — Box-shaped vessel uniformly loaded all fore and aft with weight and buoy- 
ancy exactly counterbalancing each other. No tendency to deformation in a 
longitudinal direction exists. 

scale, is supposed to be of the same extreme dimensions as fig. 25. We 
will assume that the weight of the cargo taken on board has been uni- 
formly distributed throughout the length, thereby producing no alteration to 
the trim. Then the uniform upward pressure of water along the bottom 
of the vessel is exactly counterbalanced by the uniform downward pressure 
of weight throughout the length. Such uniform counterbalance of forces 
does not produce any stress tending to longitudinal deformation. 

But on returning to our actual ship in &g, 25, no such uniformity is 
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found. If it be assumed that the ship floats lights we find considerable 
difference between the buoyancy and the weight locally throughout the 
length, though for a ship, as for every other floating object, the law must 
hold good that the total weight and the total buoyancy equal each other. 
Thus, at amidships, or wherever the engines and boilers are situated, there 
is a great concentration of weight, and in many cases this is increased by 
the erection of bridges, houses, etc. Then, again, at the ends of vessels 
there is usually a concentration of heavy weight. At the fore end there 
is often a forecastle, also the anchors, chains, windlass, solid iron stem bar, 
anchor crane, heavy mooring arrangements, and In addition, special 
stiffening to prevent ' panting ' (see page 72). At the after end a poop is 
often built. A heavy solid steel or iron stern frame, propeller, tail end shaft- 
ing, steering gear, mooring arrangements, etc., are also found in this part. 

Turning from weight to buoyancy, we see where and how the difference 
previously mentioned arises. Wherever we have greatest immersed bulk, 
we have greatest buoyancy, simply because where there is this bulk there 
must be in some shape or other a large 'surface exposed to the upward or 
buoyant pressures. Hence, keeping before our minds the usual form of 
a vessel's immersed hull, we see that the greatest buoyancy is at amidships, 
and, in cargo vessels, this may extend for a considerable proportion of the 
vessel's length, with practical uniformity, fore and aft of midships. As the 
ends, however, are approached, a rapid change of form is observed as the 
vessel fines down towards the stem and stern, causing an enormous reduction 
in immersed bulk, and hence in buoyancy. Thus, in traversing the length 
especially of a steam ship (see fig. 25), we are struck by the unequal 
distribution of the weight and the support, or buoyancy. The heavy after 
end has little and most inadequate support from the water, owing to the 
fineness of its underwater form. But as we come forward to the hold space 
the ship rapidly increases in fulness, and is, moreover, comparatively free 
from exceptional weight. The consequence is that the buoyancy rapidly 
increases, and is eventually in excess of the weight. At amidships, where 
the machinery is situated, the weight is again in excess of the buoyancy in 
a light ship. Forward, similar conditions to those found at the after end 
exist. At first, after leaving the machinery space, when the heavy engines 
and boilers are amidships, the buoyancy is considerably in excess of the 
weight, then it gradually diminishes as the vessel fines down, until 
eventually the weight of the fore end preponderates considerably over 
the buoyancy. Thus throughout the length of a ship, a series of stresses 
are experienced which tend to strain and produce deformation in the 
longitudinal direction.* 

* When a bar, loaded at each end, and supported at the middle of its length, droops 
towards the ends owing to the bending moment experienced, the visible deformation 
produced is popularly termed 'hogging.* 

When the bar is supported at each end, and loaded at the middle of the length, 
causing the bar to droop in way of the weight, the visible deformation produced is 
popularly termed * sagging.* 
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While it is owing to the existence of great excesses of weight over 
buoyancy, or vice oersd^ throughout the length of a ship, that longitudinal 
bending moments are created, tending to produce longitudinal deformation, 
it must not be imagined, as shall be shown, that every such excess 
necessarily produces a corresponding longitudinal bending moment. For 
instance, a small excess caused by an isolated concentration of weight in 
the middle, say, of a huge bulk of excess of buoyancy would not necessarily 
produce a longitudinal bending moment, though the proportionately small 
excess of local weight would certainly tend to produce local bulging. 

Let fig. 27 represent a vessel floating in a light condition with, say, 




Fio. 27.— A small Steam Vessel with fore and after peak tanks fall, and bunkers fall. 

engines and boilers situated amidships, bunkers full, and a large peak 
ballast tank at each end full. If the holds were completely empty, it is 
clear that in an ordinary cargo vessel the greatest excesses of support over 
weight would be in way of the two hold spaces. The excesses of weight 
over buoyancy at the ends and amidships, owing to the peak water-ballast 
tanks and the machinery and bunkers, at first incline one to conclude that 
considerable straining will in consequence be produced towards the ends and 
in the region of amidships, and ' sagging ' in these localities possibly ensue. 
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Pig. 28. — Showing the nature of the bending moments upon a bar loaded 
somewhat similarly to the ship in fig. 27. 

Bending Moment on a Loofled Bar. — But let us consider the same 
features in a simpler form (see fig. 28). 

Let AB be a bar of the same length as the ship. W and Wg are 
weights suspended at the ends, representing, in some measure, the peak 
ballast tanks, and W^ and Wg (one weight) at the middle of the bar, 
representing the weights of machinery and bunkers. Let the supports 
P and P| be placed midway between the middle and the ends of the bar. 

Now W, Wj, W^, and VVg are by hypothesis, in this case, supposed to be 
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equal to one another in value, and, instead of the double weight Wj and 
Wj producing a * sagging ' moment at the middle of the bar, no bending 
moment whatever exists there. 

Suppose the bar to be perfectly rigid all fore and aft. The pressure upon 
P will be equal to the weight of W + W^ and the pressure upon the support 
Pj will be equal to Wj + W3. 

Not only are the pressures on the supports exactly equal to the weights, 
but they exactly poise their respective weights in equilibrium, W and W^ 
each being X distance from P, and W^ and Wg each being the same X 
distance from P^. 

The bending moments, therefore, instead of being greatest at the middle 
of the bar, are greatest at the points of support P and P^, where they are 
Wxjr. This quantity being set off to any arbitn^ry scale of moments 
above the bar at the point of support, and the point so obtained joined to 
the ends of the bar (see dotted lines), a graphic representation of the 
bending moment on the beam is produced. A similar maximum bending 
moment would have been obtained by W^ x X, or Wj x X, or Wj x jr. Or 
again, for the sake of example, the same result will be got by taking the 
moments up and down about any other point, say A. 

Bending moment about A => 

{(W X no distance) + (W^ + W^) 2x + ( W3 x 4x)} - { PJT + (Pi x 3jr)} 

In like manner, the actual bending moment at the point ' a ' could be 
found by taking the algebraic sum of the moments up to, or about any 
point in the bar, or even outside of the bar. 

The moment of any force acting upon the bar at any point is obtained by 
multiplying such force by the distance of its line of action (or position of its 
centre of gravity) from such point. 

From the foregoing example, it is further evident that had the weight 
Wj + Wg been greater than either twice W or W3, there would have been at 
the middle of the length a stress tending to a perceptible 'sagging' 
moment, and that had W^ + Wg been less than either twice W or W^ 
there would have been a * hogging' moment over the whole length, tend- 
ing to cause the beam to droop from the middle of the length towards 
the ends. 

The more Wi + Wg exceeds twice either W or W^y the further does the 
sagging moment extend on each side of the middle of the length of the bar 
before a hogging moment is experienced. 

Possible effect of a Ixpi disposition of WeirjM in a Ship. — But while a ship 
is a much more complicated object with which to deal than a bar, loaded 
and supported as described, and the nature of the actual bending moments 
more difficult to ascertain, because the loads and supports are more 
distributed and more complicated, yet the principles involved are identical, 
though a greater amount of labour is entailed in arriving at the results. It 
will, nevertheless, be obvious how enormously the longitadinal bending 
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moments, even Iq smooth water, may bo increased in the operation of 
ballasting and loading. For example, we have seen how little support is 
afforded to the fore and after ends of a vessel, the excess of the weight 
over the buoyancy of these parts practically hanging upon the super- 
abundant buoyancy of the adjacent parts of the hull. Suppose, as is often 
the case, that a large peak tank is fiUed, capable of containing 80 or more 
tons of water, it can easily be imagined how the stress we have observed to 
exist ma}' be greatly aggravated. 

While^ undoubtedly ^ the breaking of propeller slmfiSy which is so common 
among steamers in light or ballast conditions, is attributable in the majority 
of cases to the fact that they are under ballasted with their propellers only 
partially immersed, and in bad weather are subjected to violent racing and 
sudden jerking and checking as th^ propeller blades strike the water, yet it is 
not at all unlikely that, in many cases, dainage to shafting may arise from 
longitudinal bending or twisting caused by the enormous weights concen- 
trated, often in ignorance, at the aftermost extremity of ships, and especially 
when, in addition, poops are used for heavy cargo or bunker coal. 

While the tank in a continuous double bottom is capable of carrying a 
very large amount of water, its capacity throughout its length is generally 
governed by the form of the ship, and it is not therefore calculated to 
produce severe stresses in smooth water. 




Fio. 29.— Showing tendency to * hog.' 

Then in regard to loading, it is evident that excessive straining would 
be produced by the disposing of heavy cargo where the buoyancy is 
naturally least. 

Longitudinal Stresses in wave water and Tendency to Longitudinal 
Deformation, — Severe as such stresses as have been enumerated may be in 
still water, they only assume their true proportions when in wave water. 
Probably by the aid of the following diagrams showing a ship among 
waves we shall best be able, in a simple, graphic manner, to give 
prominence to the principal tendencies to deformation, which the longi- 
tadinal bending moments exert upon a ship's structure. 

In ^g, 29 we have a flush decked vessel supported at the middle of her 
length upon a wave, producing great excess of buoyancy at amidships, and 
increased deficiency towards the ends. Any vessel, wavebome in this 
manner, experiences her severest stresses on each side amidships. The 
tendency is, therefore, for the ends to droop, or as we say, for the vessel to 
bog. Sometimes, in looking along the gun wale of an old ship, and especially 
a wooden one, the drooping of the ends is distinctly seen, and the vessel is 
8aid to be hog-backed. 
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Fig. 30 represents exactly the reverse of the foregoing example. Here, 
each end of the vessel is supported upon a wave crest, and a great deficiency 
16 produced in the buoyancy at amidships. In this case, the tendency is 
for the vessel to sag amidships, owing to the sagging moment experienced. 

To resist such deformation as illustrated in the two foregoing diagrams, 
it is necessary that a vessel be of reasonable depth and possess a sufficient 
number of properly disposed longitudinal girders or frames. Thus along 
the bottom we find the girders, called * keelsons,' varying in number and 
form with the size of the vessel. In all cases, whether these keelsons be 
fitted on the top of or between the floors, they should be well connected 
to the transverse framework. 

Along the sides of the vessel somewhat similar girders are found, though 
no longer called 'keelsons,' but 'stringers.' These also vary in number 
and size according to the depth and size of the vessel. (See figs. 7 to 12.) 

While it is necessary to cover the framing with a skin, the fact should 
not be overlooked that the shell plating forms an enormous contribution to 
the longitudinal strength. For example, each of the vertical sides, stiffened 
and prevented from buckling by the transverse framing, forms a huge girder 
in itself of very great strength, while these side girders are united, and the 




Fio. 80.— Showing Undeney to * sag.* 

ship girder further strengthened by the bottom shell plating and decks. 
Stringers and decks render additional service in resisting longitudinal 
twisting when a vessel is crossing skew seas and rolling heavily. In con- 
sidering the actual strength of a ship girder at a later stage, we shall see how 
additional strength is obtained by inner bottom plating in vessels with 
double bottoms, by steel or iron decks, and by longitudinal middle line 
bulkheads. 

While it is often necessary to consider the structural values of the 
longitudinal and transverse framing independently, yet, how utterly 
dependent the one is upon the other for the fullest development of its effici- 
ency, is easily seen. While strong, well constructed transverse watertight 
bulkheads are of great value from a safety point of view, in the event of 
perforation of the shell plating in way of any compartment, yet their 
value in stiffening the longitudinal framing and holding it to its work is 
of the greatest importance. This was especially illustrated in the case of 
the ' Great Eastern,' which was built upon the longitudinal girder system 
and contained very little transverse framing (see fig. 79, and Chapter VI.). 
This remarkable vessel depended in a great measure for her transvene 
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strength upon the enormous strength of her well-arranged longitudinal 
framing, covered by an inner and outer watertight shell, assisted by 
numerous transverse bulkheads. 

Then again, a vessel in a seaway does not always float in the upright 
condition^ but often heels to very considerable angles of inclination, when 
a noticeable difference takes place in the structural resistance offered to the 
bending and twisting moments experienced, the stringers being called upon 
to perform in a measure the function of keelsons, and keelsons the function 
of stringers. 

Fig. 31 illustrates a vessel with a poop, a bridge of some length, and 




Fio. 81. — Showing tendenq/ to fracture at ends of bridge. 

a forecastle, supported upon a wave in the middle of her length. The 
stress experienced is similar to that in fig. 29, but the locality of likely 
damage resulting from the sudden reduction in longitudinal strength in 
the midship region is more marked. 

The erection of a bridge, increasing the depth of the ship girder, adds 
greatly to the longitudinal strength of the ship over that part covered by 
the bridge, to resist damage {i.e, permanent deformation). But however 
valuable bridges may be, the sudden termination of these erections produces 
a weak section in the ship girder, which, unless specially provided for in some 
such manner as we shall observe at a later stage and when dealing more 
intimately with construction, would undoubtedly result in serious damage. 




Fio. 32. — Showing Undency to backle at ends of bridge. 

Fig. 32 is similar to fig. 31, excepting that the vessel is now waveborne 
at the ends with the same tendency to deformation^ due to the same cause 
as indicated in the previous example, fig. 31. 

Similarly in vessels with raised quarter decks terminating somewhere 
on the middle length, without or with bridge houses to which they are 
connected (fig. 60); vessels with partial awning decks {^g, 51); or 
in vessels where the poop and bridge are combined (fig. 53) ; weakness 
in longitudinal strength caused by the sudden termination of such 
erections, necessitates careful attention to the structural arrangement 
at these parts. 
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Before any of the forms of deformation just illustrated could pos- 
sibly be effected in a well designed ship, damage of a serioas nature 
must have been wrought upon the structure. In a bad design, or in an 
old vessel, the nature of such damage would probably show most in the 
butts of the upper deck stringer plates and butts of topside plating (sheer 
strake, etc.) evincing signs of working, or opening, or in the rivets in these 
butts shearing, and, under exceptional circumstances, even these plates 
shearing through some line of rivet holes. 

It is scarcely necessary to add that in the event of 'such damage as 
just described, the material must have been stressed far beyond its limit 
of elasticity, and if actual shearing of plates occurs, beyond the ultimate 
shearing strength. Damage of this nature could only arise through ignorance 
of the principles of loading, if the ship be well designed, or, where the 
vessel is properly loaded, to defective design combined probably with too 
light scantlings for the deadweight carried. 

Local Stresses. — There are still several stresses, chiefly of a local 
character, which should be enumerated. 

1. Panting Stresses. — These stresses are caused by the pressures 
upon the immersed fore end of vessels as they are propelled through 
the water, with the tendency to make this part work in and out in a 
manner resembling the action of ' panting ' — hence the term. 

It follows, then, that the higher the speed the greater will be the 
pressure, and the severer the stress. Small vessels of considerable speed 
with thin shell plating often show the result of this pressure by the 
plating between the frames bulging inwards. Bluff fore ends also expose 
a greater surface to such pressure. 

All or part of the following means may be adopted to strengthen 
vessels to resist damage from such stresses : — Thicker shell plating with 
a closer spacing of transverse frames, deep floors, extra tiers of beams, 
and stringers, with large breast-hooks.* 

2. Stresses due to Propulsion by Steam. — As already shown, there may 
be considerable inequality in the pressure of weight and buoyancy in 
way of the engines and boilers in certain light, load, and ballast 
conditions. But the most important stresses produced by the machinery 
in many vessels are those of vibration, though at the same time it must 

* In addition to panting stresses, a vessel is subject to severe thumping under the 
bows as she drives ahead, and dives into bead seas. These stresses are likely to be 
most severe in vessels of high speed and at a light draught, especially if they be 
of full form under the fore foot, or 'club-footed' ; as is the term in shipyard practica 
These stresses have in some instances been so severe as to bulge in the frames and 
shell plating in the locality indicated. To prevent this and to aflford the necessary 
BtifTening, it is arlvisable that the frames be doubled from margin plate to margin 
plate in double bottom tanks and from bilge to bilge where no such tanks exist, 
for about one-fifth of the vessel's length from the stem, and, in addition, to fit 
intercostal plates between the floors forward of the collision bulkhead and extending 
well down on to the keel plate, and for such a distance forward towards the stem as 
the form of the vessel shows to be necessary. See iigs. 46, 47, 49. 
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be remembered that vibration is not necessarily an indication of 
weakness, nor even that stresses are being endured. All bars, beams, 
and girders have their natural vibratory periods, and it is when the 
natural period of vibration of the engines (revolutions) coincides with, 
or synchronises with that of the ship girder, that vibration may become 
very prominent and dangerous. 

The position of the machinery in a vessel may considerably influence 
the degree of vibration experienced, and therefore from this cause alone 
a strong vessel may suffer an unusual amount of vibration.*^ 

Vibration may also be the result of weakness in the ship structure, 
and when this is the case, measures should immediately be taken to stiffen 
up the hull and add the necessary strength.! 

Excessive vibration from whatever cause should receive careful attention, 
for its continuance must ultimately seriously strain the structure, and tend 
to loosen rivets and open butts and produce leakage. To provide against 
this, the following precautions may be adopted : additional keelsons under 
engines and boUers; strong and well connected engine seating carefully 
scarphed forward and aft of engine space ; well-built thrust seating and shaft 
stools ; deep floors aft, and the opposite sides of the transverse framing and 
sides of the ship aft well tied by means of beams and stringer plates, 
or transverse plate webs; stout shell plates connecting the stern frame 
to the hull; additional transverse stiffening in the engine and boiler 
space in the form of deeper framing, web frames, strong beams, 
and double reverse frames under engines and boilers, as well as efficient 
pillaring. 

3. Stresses due to Propulsion by Sail, — These stresses are experienced 
mostly by sailing vessels, whose lofty masts, heavy yards, and large sail 
area, when exposed to wind pressure, transmit severe racking stresses to 
the hull To prevent damage from this source, the masts should be firmly 
secured at the heel and deck, and further supported by a good spread of 
shrouds, stays, etc. To transmit and distribute the stresses at the deck, 
if no steel or iron deck is laid, the mast should pass through a stout deck 
plate called a ' mast partner,' which in turn should be brought into intimate 
association and connection with the neighbouring beams and stringer plates, 
by means of tie plates carried diagonally across the deck. Owing to the 
severity of the transverse stresses experienced particularly by sailing vessels, 
combined with their lack of bulkheads, it follows that the strength of the 

* It will thus be apparent that vibration in many instances depends to a considerable 
extent upon the speed at which the engines are working. For instance, some vessels 
are remarkably steady, and no perceptible signs of vibration are experienced when the 
engines are going fall speed. But the same vessels will give indications of slight 
vibration when the number of revolutions is reduced. Should the speed be still farther 
reduced, and synchronism obviated, the vibration will diminish or disappear altogether. 

t Increased depth conduces to minimise vibration, especially in long vessels. The 
importance, therefore, of oariying the strength well up to the topsides in vessels with 
continoous erections is apparent 
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traasvorse framing (including beams) and the depth of the beam knees 
should exceed that required for steamers. 

4. Stresses caused by loading heavy cargoes an decky and the shipping of 
heavy seas, — What is to be hoped for is the complete stoppage of what is 
now the unusual and dying-out practice of taking out part of the hold 
pillars when loading timber cargoes in the hold, and afterwards piling up 
similar cargo on deck. Such a practice is quite sufficient to account for the 
shearing of beam knee rivets, and other damage. As a matter of fact, 
under such conditions of loading, a vessel requires all the pillar and beam 
support that can be given her. 

Those who know little of the sea experience of ships, seldom dream 
what enormous weights of water are sometimes, in the most sudden 
manner, shipped on deck in boisterous weather. This alone on many an 
occasion has been sufficient to inflict severe damage upon decks, hold 
stanchions, beam knees, hatch coamings, bulwarks, etc., not to mention the 
tremendous force of such seas as they dash against bridge and poop front 
bulkheads sometimes with very disastrous results, and in some authenticated 
cases, even causing the foundering of a ship after being struck by a single 
sea. Such bulkheads should be well strengthened with good coaming plates, 
and vertical stiffeners kneed to the decks at the top and bottom. Hold pillars, 
with good heads and heels well connected, or some equivalent structural 
support, are most essential to support decks under such trying circumstances. 
Whenever heavy permanent deck weights are carried, good supports or 
equivalent beams should be provided. 

5. Rudder Stresses, — ^The enormous pressure upon the surfaces of 
rudders, especially in large, heavy, high-speed vessels when turning, throws 
great twisting stress upon the rudder stock. The necessity for adequate 
diameter of stock in proportion to the stress experienced is obvious. 

Where frame rudders plated on each side are adopted, it is most 
important that the space between the two plates be well filled with timber 
so that the whole is one solid mass, with no possibility of panting, for even 
with this precaution, rudder rivets sometimes work loose. 

6. Stresses from loading aground, — The trades pursued by some vessels 
cause them to enter rivers and tidal harbours where, when the tide has 
fallen, they lie aground. Especially where the bottom is of an uneven 
stony nature, the weight of cargo which is being loaded or diBcharged, in 
addition to the vessel's own weight, tends to crush or bulge in the bottom, 
and if the bottom of the vessel is only supported at intervals in her length, 
even bending may occur. The possibility of this latter deformation should 
be avoided. To strengthen the bottom in order to resist bulging, the bottom 
plating should be of increased thickness, and be well supported with keelsons, 
which come down to and are connected with the bottom plating. 

7. Stresses ujmi vessels which are temporarily only partiaUy Waier- 
borne. — One of the worst examples of this condition is that in which 
a vessel runs aground, say, upon a sandbank at high tide, and remaiDS fast 
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at one end while the other is afloat. The stress endured assumes its worst 
proportions when the tide has fallen, and the midship portion loses buoyant 
support in a greater or less degree. This stress is sufficient to so strain 
many a ship as to break her back. Equally bad is the condition of a vessel 
stuck at the middle of her length upon a sandbank, so that when the tide 
has fallen, the ends are left wholly or partially unsupported. 

Stresses of such an extreme nature as these the naval architect does 
not pretend to cover, and he does not hold himself responsible for the 
resnlts which may accrue. 

8. Launching Stresses, — In the operation of launching a vessel, and 
thereby transmitting her weight from terra firma to her own element, she 
experiences considerable bending moment. This, however, if the vessel be 
well constructed, is not more than she is able to endure without any danger 
of damage. Unfortunately, it sometimes happens that vessels stick when 
they have travelled nearly half way down the launching ways. Under such 
circumstances, serious damage sometimes results ; the great pressure upon the 
bottom at the end of the ways, and the enormous bending moment which 
is created by the unsupported overhanging part, is sufficient to crush in 
the bottom and to severely strain the structure, and produce permanent 
longitudinal deformation. 

Stress and Strain. — In designing the structural arrangement of a 
vessel, it is necessary that the designer should be thoroughly able to grasp 
the nature, and to make an estimate of the amount of the severest bending 
moments likely to occur, and to understand what are the various agencies 
at work tending to produce deformation in any form whatever. 

Forces acting upon any part of a ship and producing deformation, are 
properly termed 'stresses* with resulting 'strains,' and straining is, 
therefore, correctly speaking, the measure of the alteration of form. A 
structure may be extremely strong, but so long as no external force acta 
upon it^ it remains perfectly rigid and inert Immediately, however, any 
external forces are experienced, tending to produce either elongation 
or bending, or other alterations of form, the material in the structure 
simultaneously arouses itself, as it were, and offers resisteince to any such 
deformation. These internal forces or resistances, equal to the external 
forces exerted, and tending to restore the structure to its original shape, 
are 'stresses.' Any deformation is called 'strain,' its amount being 
proportional to the original stress. Thus, while these terms, 'stress' and 
'strain,' are commonly, though inaccurately, used interchangeably by 
ordinary land folk (ship folk use them correctly when they say 'stress' 
of weather 'strains' the ship), in the strict mathematical sense there is 
a distinct difference. Strain is the deformation or change of shape measured 
in terms of the original dimensions, produced by an external tensile, com- 
pressive, shearing or twisting force, though, perhaps, to an imperceptible 
extent, while stress is what produces the deformation, or is the effort 
to offer resistance to change of shape. Such stress is measured by the 
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intensity of the force which produces deformation, whether or not it be 
so great as to cause permanent set, or rupture, or fracture. An old, but 
nevertheless a very good illustration of strain and stress is that obtained 
by stretching a piece of india-rubber. The total physical force which is 
required to produce a certain elongation is, when reduced to rate, say 
lbs. per square inch^a tensile stress; the elongation, when measured as a 
ratio of the original dimensions, is the strain ; and the internal resistance 
which is exerted to reduce the elongation and restore the rubber to its 
original length, is equal to the stress, and may therefore also be called 
the stress, provided it be measured in the proper way, namely, as a rate, 
say, lbs. per square inch. 

Every * stress ' produces a ' strain,' that is, a deformation, however slight, 
and (in well-designed structures) quite within the bounds of complete safety. 
When a bending moment is being experienced which b well within the 
margin of safety, it must follow that at the same time it is being opposed 
by a stress of an exactly equal amount. We have, therefore, an absolutely 
essential condition in order to resist any material permanent and therefore 
unsafe deformation due to bending or elongating or shearing or twisting 
forces, namely, that under the severest action of such forces, the material 
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in the structure must be able to develop an internal resistance of at least 
an equal amount, and well inside of the limit of permanent set. In 
constructing a ship, it is necessary that such a condition exist, and the 
material must be so disposed as to secure this. 

Before considering in greater detail the strength of actual ships, which 
are in effect huge hollow girders made up of combinations of numerous 
smaller girders, perhaps a little investigation into the strength of simpler 
sections of material may lead to a clearer conception of the strength of the 
more complex nature of the ship form. 

Let fig. 33 represent a bar of iron or steel of any length by 12 in. deep 
and 1 in. thick. Suppose it to be firmly secured at one end A, and at the 
other, B, to be gripped, and a tension of, say, 40 tons, applied in the 
direction shown by the arrow. Then the 40 tons would be borne by the 
12 sq. in. of sectional area, and the tension, or pull, being evenly distributed 
over the sectional area, would mean a stress of f ^ = 3J tons per square inch of 
section. So long vc& practically no extension of the material or permanent 
set is found to have taken place after the tension is removed, the material 
has not been stressed beyond its * elastic limit.* 

As shown in Chapter I., elasticity of a body is that property whereby, 
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after it has been subject to a certain pressure, whether of tension or com- 
pression, shearing or twisting, at a given temperature, it seeks to regain and 
retain its original volume and shape at the same temperature. The limit at 
which the material ceases to resist 'germanerd extension or compression is 
termed the ' limit of elasticity/ 

As a matter of fact, tension, even within the elastic limit, produces 
permanent extension in most materials, though it is found to be so extremely 
slight that it may, in practice, be ignored altogether. 

Under tension, the bar in fig. 33 will stretch (in this case well within 
the elastic limits) in direct proportion to the force applied, or, in other 
words, in proportion to the stress. Thus, with a tension of 4 tons, the 
elongation will be twice that of 2 tons, and so on. However, as soon 
as a certain point has been reached, viz., the 'elastic limit,' increased 
tension, and therefore increased stress, produces much more rapid 
elongation, until eventually the stresses so increase that fracture is 
produced. The stress necessary to produce this fracture determines 
the * ultimate strength' of the bar. In determining the scantling of 
a steel or iron bar, or a girder, or a ship which is subject to re- 
peatedly applied tension and compression throughout its length, or locally 
in its structure, it is absolutely essential, if the strength is to be 
maintained, that the material be preserved from stresses approaching 
the elastic limit, or, in other words, an ample margin of safety is 
necessary. The ultimate tensile strength of good mild steel plates, 
such as are used for the construction of ships built to Lloyd's 
requirements, is not less than 28 nor more than 32 tons per square 
inch of section, with or across the grain, and for iron an ultimate tensile 
strength of at least 20 tons per square inch with, and 18 tons across the 
grain, is demanded. 

Ductility and the Elastic Limit. — Since brittlencss is a most 
objectionable feature in ship steel or iron, a standard for ductility is 
imposed. Steel must stand an elongation of at least 16 per cent, on 
a length of 8 in. before fracture. Of course, such extension is only 
demanded in testing. It is never supposed that any such extension 
will take place in the actual ship. Indeed, as is evident, such stress as 
is experienced in producing these elongations is far beyond the elastic 
limit, and, as previously pointed out, the material should not be subject to a 
stress which is likely even to approach that producing permanent elongation. 
The elastic limit of ship steel, whose ultimate tensile strength has been 
given, would be from about 17 to 20 tons, and of iron, 10 to 13 
tons. This at once shows the unmistakable superiority of steel over 
iron, and it explains why steel ships are so much lighter than iron 
ones, the reason being, as has been shown, that a square inch sectional 
area of good mild steel will develop a strength equal to at least 1^ 
square inches of good iron. 

However, it must not be reasoned from this that steel ships are 
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therefore 33 per cent, lighter than iron ones. There are more things 
than merely tensile strength and elastic limit to be considered in 
determining the scantlings of plates and bars. 

Thickness gives stiffness, and were steel plates to be unreasonably 
reduced in thickness, in some cases buckling of a very serious nature 
would inevitably ensue. Moreover, this reduction is practically only to 
be found in the plates and angles, and does not materially affect the 
equipment, ship fittings, stem bar and stern frame, keel bar, etc. 

But supposing, as is quite reasonable, that a saving of 100 tons 
weight is effected in a 3000 ton ship, owing to the adoption of steel 
instead of iron for her hull construction, this to the shipowner is an 
important consideration, for his ship will now carry 100 tons more 
deadweight than if she had been made of iron, and deadweight means 
freight As a result, steel has almost entirely superseded iron for ship 
construction, excepting in certain localities in the vessel These localities 
we shall observe at a later stage. 

The working stress of steel or iron should not exceed 50 or 60 per 
cent, of the elastic limit. Hence, taking the elastic limit of ship steel at 
18 tons, the maximum working stress should not exceed 9 or 10 tons, with 
the severest stresses the material may under exceptional circumstances have 
to sustain. The ordinary stress will of course be well within this extreme 
limit. 

Again, let fig. 34 represent a bar of iron or steel 12 in. deep by 1 
in. thick. It is supported at the points A and B at the ends. The 
bar is weighted with a load uniformly distributed over its length. The 
tendency now is for deformation to take place, and the bar to bend as 
shown. So long as this condition exists, and the stress does not exceed 
the elastic limit, the bar bends into a curve whose shape and amount 
of deflection can be ascertained by methods laid down in books on 
practical mechanics. Assume here that X is the centre of a circle of 
which AjB^ is the arc. It is evident that before the bar could have 
assumed this shape, considerable extension or stretching most have taken 
place on the side A^B^, and an equal amount of compression on the 
side PY. It is also clear, if the compression and extension are identical 
in amount, that midway between these two surfaces of the bar there 
must be a layer where neither extension nor compression has taken 
place. This layer is termed the ^neutral mrface,* and passes through 
the centre of gravity of the section of the bar, which in this case is at 
half its depth. A transverse line passing through the centre of gravity of 
the bar is called the neutral axis (see fig. 34). When the biar was straight, 
G H and J K were two transverse sections perpendicular to the sides P Y 
and A B ; now, however, in the bent bar they have become inclined as in 
Qj Hj and Jj K^ intersecting the parallel lines E F and G D at the poiuU 
Ml and Ni in the neutral surface (note M N is equal to Mj N^). So that 
F D has stretched to H, K, and E G has been compressed to Gj J,. 
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The elongation and compression for any layer in the bar varies directly 
in proportion to the distance of the layer from the neutral axis. 
Within the elastic limits we have previously pointed out that the 
elongation varies directly in proportion to the stress. Similarly, 
the compression varies in direct proportion to the stress. Hence it 
follows that as the upper and lower layers in the bar are further 
from the nentral axis than any intermediate one, the stresses must 
be greater towards the upper and lower edges, and this is exactly the 
case. The stresses vary in direct proportion to their distance from the 
neutral axis. 
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FiQ. 34.— Illustrating Elongation and Compression in a bent bar ; 
also Neatral Surface. 



Moment of Inertia. — Let fig. 35 represent an enlarged side view of the 
bent bar shown in fig. 34 (12 in. deep by 1 in. wide), and let A, B, C, D, E, 
F, G be infinitesimally small units of area in the cross section of the bar X, 
T. The bar is still supported at the ends as before, and the weight dis- 
tributed over the length, producing the tendency to bend as shown. The 
resistances offered by every unit of area in the cross section above the 
neutral axis to compression, and below the neutral axis to elongation are the 
stresses. Supposing the distance between the units of area to be equal to 
one another, and A be on the neutral axis, the stress on A will be nil ; at B 



8o 



STEEL SHIPS. 



it will be, say, x; at C, 2x ; at D, 3x; at E, iz; at F, 5x ; at O, 6a;. 
Moreover, these resistances are exerted in lines of action parallel to the 
upper and lower surfaces of the bar at their respective leverages from the 
neutral axis as shown by the arrowed lines. Thus, while the stresses increase 
in proportion to the distance of the unit of area from the neutral axis, 
the moments of these stresses, or moments of resistance, increase in pro- 
portion to each stress multiplied by its respective leverage from the neutral 
axis. 

The sum of all these moments of resistance gives a total moment of 
resistance equal to the total bending moment. 

It will be observed that the depth of the bar in fig. 35 is divided by the 
arrowed lines into twelve strips, each I in. in depth. 




FiQ. 35.— The arrowed lines in the upper half of the bar represent the resiatanoe of 
the material to compression, or compressive stresses. The arrowed lines in the 
lower half represent the resistance to elongation, or tensile stresses. 



The calculation should be : — 



f Let R = stress at distant edge of Ist strip. 
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Leverage in each case respectively is approximately :-^ 



I. 
II. 
III. 
IV. 

V. 
VI. 



Moments (A x B) are : — 



Inches. 




U 

t 




1 X 
1 X 

* X 

* X 
1 X 


i R = i Rinchlba. 
1 B = i R ,. » 
J R = V R .. .. 
i R = V R „ „ 

» R = V K .. ., 
J^R =i|iR „ „ 



Sum ^ftR inch lbs. 
For both sides of neatral axis doable = ^§^ R = 143 R inch lbs. 

(^ ^\ 
f-^) gives exactly 

144 R] 

Now, if we multiply every little area patch in the cross sections we are 
dealing with by the square of its distance from the neutral axis, and add 
them up, we get the same number as before, viz. (accurately) 1 44. This 
number has a special and well-known name. It is called the ' Moment of 
Inertia of the section,' about the centre of gravity of the section. 

Practical men may justifiably assume that the quantity called ' Moment 
of Inertia,' which, to begin with, is a purely mathematical quantity, has a 
physical meaning and a practical use in practical shipbuilding and other 
constructive work. 

We have seen that the moment of resistance to bending in a bar or 
girder — whether it be plain, thus I, or complicated, as shown by the 
midship section of a ship, which shows the ship girder in section — equals 
the sum of the moments of the stresses about the neutral axis of each 
sectional area of the girder. 

In working through the foregoing illustration, we commenced by 
assuming a certain stress on a unit of area at a unit of distance from the 
neutral axis. But in actual practice, when dealing with a loaded bar, as 
in fig. 34, it is the maximum stress (i.e. at the outermost layers) that has 
to be ascertained in order to see whether the material is being strained at 
these layers beyond the elastic limits, when, of course, permanent elongation, 
or * set,* or perhaps even rupture would occur. It is therefore evident that 
the calculation will be carried out in office work by dealing with the value 
of R at the outermost layers. 

However, the stress at ' unit ' distance from the neutral axis enables us 
to arrive at a useful quantity by which the desired result can be obtained. 

This quantity, the moment of inertia of the whole cross section of the 

6 
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bar, and represented by 144 in this example, equals the sura of the 
products of every unit of area in the cross section multiplied by the square 
of the distance of each unit from the neutral axis. 

As we have seen, the moment of resistance for the whole cross section 
is the sum of the moments of all the stresses in the cross section of the bar. 
So that the moment of resistance at the section in question equals the 
moment of inertia multiplied by the stress at a unit of distance from the 
neutral axis. 

Hence the total moment of resistance divided by the moment of inertia 
equals the stress per unit of area at a unit of distance from the neutral axis. 
But so long as the material in the bar is not subjected to stresses beyond 
the elastic limit, the moment of resistance is equal to the bending moment. 

Therefore the bending moment divided by the moment of inertia equals 
the stress per unit of area at a unit of distance from the neutral axis. 

Let I = Moment of inertia of a cross section, 

and M = Bending moment of same cross section ; 

M 
then Y = Stress per unit of area at unit of distance from neutral axis, 

in the same cross section. 

But, as we have seen, the stresses increase from the neutral axis towards 
the upper and lower surfaces in proportion to the distance. 

Let P = distance of upper surface from neutral axis, 

„ K = „ lower „ „ 

m,^ MxP . , , ,r 

Then — j — = maximum stress per unit of area upon upper surface of bar; 

^ MxK 
and —J— = „ „ „ lower 

In practice, the unit of area is the square incfi, and the stress obtained 
is therefore stress per square inch. 

Of course in the bar of the section shown in figs. 34 and 35, the neutral 
axis passes through the centre of gravity of the bar, which is at half the depth, 
because it was assumed that the bar would resist extension and compression 

equally, and therefore P = K. However, in a bar of | section, or indeed any 

other section, P and K would not necessarily be equal. 

The value and reasons for making girders and bars of the following 
sections will now be obvious. 

1 TT I T in 

Fig. 36. 

As the stresses increase in magnitude as the distance increases from 
the neutral axis, by adding flanges, or bulbs or plates, to the upper apd 
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lower extremities, the moments of inertia of the sections are greatly 
augmented, and the stresses are more readily met."* 

Before proceeding to show how the bending moment is ascertained, it 
is hoped, by means of another simple graphic illustration, to make this 
subject of moment of inertia still more comprehensive, and to dispel a 
mistaken idea which has grown among many young students that it is 
almost too difficult and mysterious and intricate to understand. 

Here is a section of a bar of inm 10 in. deep, and 2 in. thick, x y = the 
neutral axis. The section of the bar is divided into units of area of 
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Fio. 37. — Illustrating Moment of Inertia. 



1 square inch, the unit of area adopted in practice. The total amount of 
inertia of the bar about the neutral axis is found by multiplying each unit 
of area by the square of its distance from the neutral axis. 

The moment of inertia of the upper half of the section of the bar = 

2 X -sa = 0-5 

2 X l-5a= 4-5 

2 X 2-5'^ = 12-5 

2 X 3-5« = 24-5 

2 X 4-52 = 40-5 

82-6 

And for the lower half of the bar section it will be 82-5 also, making a 
total of 165. 

Supposing the bending moment to be 100 inch-tons, the stress on 1 square 

* Tensile and compressive stresses are always greatest in that part of the material 
which is farthest from the peutral axis. 
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inch at 1 in. from the neutral axis would be y^ J, and at the layer on the upper 

100 X 5 
and lower surfaces of the bar (G) would be — zw-. — = {^ =» about 3 tona 

per square inch, this being the maximum stress. 

The method just adopted to calculate the moment of inertia of the 

section of this bar is exactly similar to that adopted in ship calculations, 

but it must not be supposed that it is absolutely correct, though it is 

sulBiciently accurate for all practical purposes. To begin with, our units 

of area are not infinitesimally small (we have taken 1 square inch). Hence 

there is a slight error in the moment of inertia. The correct moment of 

inertia of this bar (true for rectangular sections only) would have been 

thickness of bar x depth" 2x1 0* ,^^a ,./« ^^a 

r—rT7i — ^— = — tir- = 166-6, a difference of 1*6. 

constant 12 12 ' 

We can get as near this as wo like by making the strips narrower 

and narrower. 

Reverting now to diagram 35 (bar supported at ends) the actual moment 

1x12* 
of inertia of its section (12 in. x 1 in.) will be — —- — =144, as previously 

shown. 

We also know that the centre of gravity of such a section would be at 
half the depth, and that through the centre of gravity passes the neutral 
axis of the bar. The stress, therefore, upon either of the extreme surfaces 
on the top or bottom of this rectangular bar will be : — 

en mg momen ^ Stress per square inch at most severely strained 
144 

part (outermost edge). 

Bending Moment of Girder. — Having, it is hoped, made reasonably 
clear the value of the moment of inertia of a girder section, and explained 
the principles involved in arriving at a computation of the same, our next 
step will be to show how the actual bending moment is arrived at, though 
in a simple form this has already been treated (see page 67). 

Curve of Loads.— Let A B, fig. 38, be a bar somewhat similar to that 
dealt with in fig. 28, and loaded with a continuous load as indicated by the 
hatched lines. Let the bar be, say, 20 fr. long. 

At 2 ft. intervals on A B, set up ordinates, calculate the weight of the 
bar per foot with its load, and set up the results to scale, each upon its 
i-espective ordinate. Through the points so obtained draw the curve ACB. 
The total area of this curve represents to scale the total weight resting upon 
the supports at A and B, and the centre of the area (G) enclosed by A B 
and the curve ACB, represents the fore and aft position on the line A B of 
the centre of gravity of the bar and its loading. The curve ACB is 
termed a curve of loads. 

Now it is evident that the upward pressures of the supports upon the 
ends of the beam must be equal to the downward pressure of the total 
weight of the bar and its load ; but as the centre of gravity of the load is 
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not, in this example, in the middle of the length of the bar, the pressure of 
the supports at the ends will be unequal. 

To find the supporting pressures at the ends of the bar, — Let L = total 
load, and P and Y the supporting pressures. 
ThenL = P + Y. 

(PxAB) + (YxAB) = Lx AB 
PxAB 



and 



L 
YxAB 



=^k 



^d 



Thus, 80 far, we have obtained the total load, and the pressure at each 
end of A B supporting the same load. 

Curve of Shearing Stresses. — By a process of graphic integration, we 
now proceed to ascertain the bending moment This is first done by 
constructing a curve of shearing stresses. 




Fro. 88.~Ourve of Weight A C B for a loaded bar. 



Let A B, fig. 39, represent the bar, with the curve of loads A C B upon 
it, with ordinates at 2 ft. intervals. Make A M (set off above A B) equal to 
the pressure P, and BN equal to the pressure Y (set off below AB). The 
shearing stress at any point in the length A B is the difference between the 
supporting pressure on that side of the centre of gravity, and the weight 
repieseuted by the area of the curve of loads from the end of the bar up to 
that point. 

Thus the sheanng stress at 

d = P - (weight represented by area A ^c?.) 
and at e it equals P - ( „ „ „ „ A^'e.) 

11 / >i P ~ ( « n >» » -^.A /.) 

These differences are set off from A B on their respective vertical lines to 
the same scale as adopted for A M and B N. Naturally, as we travel from 
4 towards B, the difference between the pressure P and the weight repre- 
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sented by the successive areas A^Xd^ AX'e, etc., grows less and less, until, 
at a certain |K)int 0, the pressure and weight are exactly equal, and if we 
proceed beyond this point towards B, the weight preponderates, and the 
difference, which is now negative, is set off below A B. Similar results 
would have been obtained had we commenced from B and deducted from 
B N the successive weights, repi-esented by the areas of the curve from B 
(except that in the drafting, the curve would have been above at the B end 
and below at the A end). 

Let M O N be the curve of shearing stresses so obtained. The effect of 
these opposite, or negative and positive, shearing stresses, is to produce the 
tendency to rack or distort the beam by bending, and the point is known 
as the point of reverse racking, or the point at which the racking action is 
reversed. In addition, the curve of shearing stresses shows the tendency to 
shear (i». cut through) at any cross section. 
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Fio. 39.--Curvc of Shearing Stresses M O N, Curve of Bendiug Moments A R B 
(A B Curve of Weights). 



From this curve of shearing stresses we are able to ascertain the bending 
moment at any point. 

As previously shown, the shearing stress at any point in the length of a 
beam or bar is simply the difference between the pressure (reaction) at one 
end, and the weight upon the bar up to that point, from the same end ; or, 
in other words, it is the resultant of the forces of the downward weight 
upon the bar and the upward pressures at the ends reckoned at any cross 
section in the length of the bar. 

Curve of Bending Moments. — In addition to the tendency to shear 
between the points of support, there is a tendency to bend also. Now the 
bending moment for any one load at any section in the length of a bar 
supported at the ends is equal to the pressure (reaction) at either end, 
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multiplied by the distance of the section from that end of the bar ; and, in 
general, for any loading, it is the algebraic sum of all the shearing stresses 
on the bar between the cross section and the end of the bar. 

The area, therefore, of A M represents the bending moment at O, and, 
similarly, the area B N represents the bending moment at O, since A M 
= O B N. Thus at the point O where the racking reverses, the maximum 
bending moment is experienced. In order to graphically represent the 
bending moment at any section in the length A B, the area of the curve of 
shearing stresses would have to be calculated at intervals from either end of 
the bar, and set up to scale at their respective positions throughout the 
length of A B. For example, the area of A M Z 6^ would be set up at d^ 
and A M Z' e at f, and so on up to 0, where the bending moment attains its 
maximum. The shearing stresses now become negative, and are subtract«d 
from A M instead of added. Through the points so obtained the curve 
ARB is drawn. By means of this curve, the bending moment may be 
found at any ci-oss section in the length of the bar by measuring the 
perpendicular distance from AB to the curve. 




Fio. 40. — Compound Girder. 



Fio. 41. — Equivalent Girder. 



StresB per Square Inch. — It has now been shown how each part in the 
equation for stress in the bar example is obtained. Thus (for units using 
inches and either lbs. or tons as most convenient) : — 

Bending moment Stress per square inch of section at 1 in. from the 
Moment of Inertia ^ neutral axis. 

{distance of upper or lower ^ 
surface of bar from the V 
neu ra axis. ^^_^___^ -Maximum stress per squareinch. 



Bending moment x 

Moment of Inertia. 



The Equivalent Girder. — So far we have only been dealing with the 
very simplest form of bar, viz., of rectangular section. But supposing it to 
have been of a more complicated form of section similar to that shown in 
fig. 40, a little more trouble would have been entailed in obtaining the 
moment of inertia. 
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By closiDg up the material in any compound girder section into one 
compact girder, we have a consolidated girder of equivalent sectional area 
and with similar vertical distribution of such area. This is usually called an 
equivcdent girder. (See fig. 41 which shows fig. 40 contracted horizontally). 

An equivalent girder is rarely constructed before making the calculation 
for the moment of inertia of a section of a ship. But while the diagram 
afEords a graphic way of presenting the material in the sectional area, it 
serves little other purpose, and, as a result, the equivalent girder is seldom 
constructed in mercantile shipyard practice, though, in making the 
calculation, precisely the same process of combiniug the material is 
carried out. Fig. 42 illustrates a section of a vessel with its correspond- 
ing equivalent girder. 

Computation of Moment of Inertia of Gompoimd Girder.— Perhaps 



Neutral Axis 




Fiu. 42. — Midship Section of a Vosiiel sliowiug the structnral material enibiuced in the 
Equivalent Girder, and dealt with in the Calculation for Moment of Inertia (see 
fig. 12.) 

it may afford a useful example to compute the moment of inertia of the 
section of such a girder as shown in fig. 40, relatively to its neutral axis, 
as the calculation will be identical in every way with that for the moment 
of inertia of the section in the more complicated ship-girder. The distance 
of the neutral axis (which passes through the position of the centre of 
gravity of the area of the section) from the base line A B is found by 
multiplying the area of each part composing the section by its distance 
from A B and dividing the sum of the moments by the sum of the areas. 
Or it could be found by assuming a neutral axis and dividing the difference 
of the moments above and below the assumed neutral axis by the total 
area of the section. The result is the amount of correction necessary for the 
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actual positioD of the neutral axis, and tho side upon whicli the moments 
preponderate indicates the direction in which the correction has to be made. 
Reference to fig. 37 will euable us to more easily follow the steps in the 
process of calculation. In that example it was shown that the moment of 
inertia about the neutral axis of any unit of area was obtained by multiplying 
the area by the square of its distance from the neutral axis, — one square 
inch being taken as the unit of area, — and that the sum of the products of 
all the units of area in the section multiplied by the squares of their 
respective distances gave total moment of inertia. 

Exactly the same process is followed in dealing with the girder section, 
fig. 40. In all sections of material disposed horizontally (i.e., parallel to 
neutral axis) see Nos. 1, 2, and 4 fiangea of girder, and of small depth or 
thickness, the areas in inches, which represent sums of units of areas, 
multiplied by the squares of their distances from the neutral axis, will 
give their respective moments of inertia about the neutral axis. But on 
coming to vertical webs (No. 3) or areas disposed vertically, while the 
area is again multiplied by the square of the distance of its centre from the 
neutral axis, this only treats of the units of area as though they were all 
ranged exactly parallel to the neutral axis of tlio girder, which is not the case. 
We have already considered the value of the moment of inertia of a vertical 
web about its own neutral axis, which, in a case like this under considera- 
tion, would produce a total moment of inertia about the girder neutral axis 
in excess of what would have been obtained had the same material been 
disposed horizontally.* 

Proceeding with the calculation : — 

Ist. To find the neutral axis of the whole girder. It is obvious that the 

* In the accompanying illustration W and Z aro similar in size and of equal area, 
the difference being that one is placed horizontally and the otluT vertically in relation 
to the line ab, while the centre of gravity of each is at tho same distance from a b. The 
moment of inertia of Z about tho lino a 6 is equal 
to the moment of inertia of W, plus its own 
moment of inertia about its own neutral axis, 
which latter in actual calculations may be expressed 

aa t*»th of depth cubed x breadth ; or, more 1 — - i - 

nsually, as -^th of area x depth squared, which is 
exactly the same. 

It ia theoretically true that horizontal flanges 
have a moment of inertia about their own neutral 
axis alao, but in practice it is so insignificant as 

to be entirely ignored. Decks, and inner and 

onter bottoms, are similar horizontal flanges in ^ 

actual ship girders. 

Asmiroiug the dimensions of W and Z to be 10" x 1" and tho distance ar to be 20":— 

Then the moment of inertia of 

(10 X l'\ 
^^^j = 4000-8, 

and 

for Z about 06 = (10 x 1 x 20") + (^-^^^) = 4083-3. 
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centre of gravity of each of the I parts of the girder is at half the depth, 
that is, 4^ in. above A B. 

The centre of gravity of the top plate (which is i in. thick) will 
therefore be at 9^ in. above A B. 

The common centre of gravity, through which the neutral axis passes, 
will be obtained as follows : — 

The two I parts of the girder contain together 18 square inches in 
sectional area, and the top plate 6 square inches. 



Sectional Area. 


Distance of Centre 
of Areas of Girder 

above A B. 

Leverage. 


Moment. 


sq. ins. 
18 
6 


ins. 
4-60 
9-25 

inches above A B. 


81-0 
65-5 


24 

186-5 
24 "" 


6-69 


186-6 



2. I Parts of Girders, 
Top Plate, . 



The neutral axis of the whole girder is 5 '69 inches above the line A B. 

2nd. To find the moment of inertia of the section of the girder about 
the neutral axis. 

The following is the usual form of the calculation : — 







Distance 










Particular 


Sectional 


of Centre of 


Products. 
AxA' 


Depths of 






Items in 


Area 


Gravity from 


Vertical 


d> 


^xAxtT- 


Girder. 


= A 


Neutral 


Webs = d 










Axis = h 












8q. inches. 


inches. 




inches. 






Item 1 


6 


8-56 


7602 


-5 


-25 




n 2 


5 


3 06 


46-80 


-5 


•25 


... 


» 3 


8 


1-19 


11-28 


8 


64-00 


42-66 


n 4 


5 


6-44 


147-95 


•5 


-25 


... 



282 05 
42-66 



42-66 



824 -71 Moment of Inertia. 

Stress per square inch upon upper and lower surfaces of foregoing 

girder. 

The total depth of the girder =9*5 in. 

From neutral axis to top of girder =3-81 „ 

„ „ „ bottom „ = 5-69 „ 

Suppose the girder to be subject to a maximum bending moment of 

14 foot-tons = 168 inch-tons. 

The tensile stress per square inch upon the upper surface of the girder 

will be 

168 X 3-81 



324-71 



1-97 tons, 
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aud the compressive stress per square inch upon the bottom surface of the 
girder will be 

168 X 5-69 



824-71 



= 2-94 tons. 



Having briefly shoM'n how to obtain the moment of inertia, and the 
bending moment of a loaded bar or girder of plain section, it is found, 
on turning to au actual ship, that though the labour of calculation is 
considerably increased, the principles worked upon, and the steps in the 
calculation, are practically identical in arriving at the results. 

Bending Moment of an aotual Ship. 

Conre of Weights. — The first operation is to determine the distribution 
of the weights in the vessel. This curve may show great variation, 




Fro. 48. 



ACB 


= 


Curve of Weights. 


EDB 


= 


»> 


Buoyancy. 


AGJKB 


= 


99 


Loads. 


ANLB 


= 


i> 


Shearing Forces. 


AMB 


= 


V 


Bending Moments. 



especially in a cargo-carrying vessel, according as to whether the vessel 
is ballasted, light, or in a loaded condition. For the sake of example, 
let us suppose that fig. 43 represents the profile of the vessel for which the 
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calculation of bending moment has to l>e made. As in the case of the bar, 
we lay down a base line A B equal to the length of the ship. Assuming 
that we have a lines plan which enables us to obtain the girth and section 
of the vessel at any point in the length of the hull, and assuming also that 
we have a constructive plan showing in profile and section the scantlings, 
arrangement, and disposition of all the material and distributicm of all 
permanent weights, we are fully equipped with the information necessary, 
in order to proceed with the determination of the curve of weights for the 
light condition. 

Divide the length of the vessel into a number of equal intervals, say 
15, and, at each division, calculate the weight of the material in the vessel 
for one foot of the length. This will mean 1 ft. of all material which runs 
continuously fore aud aft ; but for transverse framing, beams and pillars, 
which are probably spaced at intervals of more than 1 ft., the proportion 
of the weight which belongs to 1 ft. of length will be taken. Exceptional 
weights, such as the stem frame, stem bar, etc., should be added later, only 
the longitudinal and transverse framuwork and plating being calculated at 
this stage. These ' weights per foot ' are then set ofif to scale from the base 
line A B on their respective ordinates. 

Assuming the vessel to be in a light condition, propelled simply by 
sail, a few additions will still have to be made to the curve of weights. 
Masts and rigging, winches, windlass, anchors and cables, and whatever 
stores and other equipment and spare gear there may be on board, should 
all be included in the vessel's weight, and appear in their proper localities 
in the curve. Had the vessel possessed a poop, bridge, or forecastle, these 
would also have added to the local weigh L If she had been a steamer, 
there would have been the further additional local weight of engines, 
boilers, bunkers, shafting, propeller, funnel, etc. 

Suppose, again, the vessel to be in a ballast condition, with water 
ballast in a double bottom, extending fore and aft along the bottom, with, 
in addition, as is common, peak tanks at the ends, and perhaps a large 
deep tank somewhere in the region of amidships. The weight per foot of 
length of all such ballast should be calculated, and added to the curve 
of weights. 

In the loaded condition, however, a vast increase takes place in the area 
of the curve of weights. Fully loaded with a miscellaneous cargo, which 
probably changes on each succeeding voyage, it is obvious that no accurate 
curve of weights could be obtained for the loaded condition on any 
particular voyage. 

The practice is therefore to assume that the vessel's holds are filled 
with a homogeneous cargo which exactly puts her down to the load line. 
Knowing the total volume of the holds, and the deadweight of the 
^^jcubicfcetholdcapacity ^^^^,.^ j^^^ ^^^ ^^ Therefore, 

deadweight 
the number of cubic ^^t of hold space per foot of length, at each 
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of the respective stations in the lengtli, divided by the number of cubic 
feet per ton of stowage, gives the tons addition to bo made to the curve of 
weights in the light condition. 

In short, the curve of weights accurately represents the weight per foot 
at any point in the length, and its total area represents the total weight of 
the vessel for a specified condition. This will generally be for the fully 
loaded condition, when the greatest bending moments may be experienced in 
wave water, or even for a ballast condition when the concentration of large 
volumes of water in certain localities in a vessel's length may also produce 
excessive bending moments at sea. With the increasing adoption of large 
deep tanks, and even hold spaces for water ballast, it seems that ship- 
builders will be required to give very special attention to the proper 
strengthening of ships, so as to effectively resist strain, which the con- 
centration of great weight is liable to produce. 

Assuming that the process of calculating the weights of a sailing 
vessel for the loaded condition has been completed, let A C B (fig. 43) 
represent the carve of weights. 

In reality, the method described for calculating the weights of a 
vessel throughout her length, would not produce a curve at all, but rather 
an uneyen, and, in some places, a very jagged line bounding the area repre- 
senting the total weight. Sometimes the irregular boundary of the area 
IB dealt with just as it is produced by the computation of the actual 
weight; but it is more commonly the practice to run a mean curve 
embracing, as far as possible, all the features of the irregularly bounded 
area first obtained. This new curve, if correctly drawn, should accurately 
represent the total weight of the vessel. The calculation just described, 
as is evident, entails a considerable amount of labour, though of a very 
simple character. 

Curve of Buoyancy. — Having ascertained the amount and distribution 
of the weight as shown by the curve of weights, the next step is to deter- 
mine the distribution of the support given by the water in the form of a 
curve of buoyancy. 

Whatever be the condition of loading, we are aware that the total 
anpport given by the water (buoyancy) is exactly equal to the total weight 
of the ship and all in it. This condition is fulfilled whenever a vessel floats 
in eqoilibriam. It is needless to say that (in ascertaining any particular 
result) the calculation is based upon a certain condition of loading, which 
means a fixed draught, the mean of which, in either smooth or wave water, 
remains practically constant. 

The volume of displacement per foot of length, at each of the stations 
upon A B, fig. 43, is calculated ; this volume divided by 35 (salt water), 
gives tons of buoyancy per foot. Set these off upon their respective 
ordinates to the same scale as used for the curve of weights. A curve 
through the points so obtained will give the curve of buoyancy. By means 
of this curve, the buoyancy per foot can be ascertained at any point in the 
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length of the vessel, and its whole area represents the total buoyancy of the 
ship. 

For either a light, ballasted, or loaded condition, the curve of buoyancy 
would be worked out in identically the same manner, — the volume in each 
case being taken up to the water-line, at whatever trim for the particular 
condition. Let the curve E D B, fig. 43, represent the curve of buoyancy 
for the fully loaded condition. If the calculation has been correctly worked, 
the total area of the * curve of weights ' should exactly equal the total area 
of the ' curve of buoyancy ' for the same condition of loading. 

Curve of Loads. — Curves ACB and EDB show exactly where, 
and to what extent, the weight preponderates locally over the buoyancy, 
and the buoyancy over the weight. By carefully measuring the difference 
upon the ordinates between the two curves^ and setting off the excess of 
buoyancy above the line A B and the excess of weight below A B, we have 
what is called the curve of loads. The points F and H indicate where the 
buoyancy and weight are exactly equal to each other and are known as 
water-borne sections, and in the next stages of the calculation, these being 
the only points in the length where the buoyancy exactly sustains the 
weighty they are considered as the points of support. 

As a necessary condition for any vessel to float in equilibrium is that 
the centre of buoyancy and the centre of gravity be in the same vertical 
line, it follows that the centre of gravity of the area enclosed by the curve 
of weights ACB and the curve of buoyancy EDB, and also of the sum 
of the three parts of the area enclosed by the curve of loads A G F, F J H, 
H, K, B, will be iu the same vertical line. 

Curve of Shearing Forces.— Following the same graphic method 
adopted in dealing with the plain bar, we proceed to obtain the curve of 
shearing forces. 

Calculate the area of the * curve of load?,' commencing from A to each of 
the succeeding ordinates. Set these areas off above A B. The ordinates in 
the curve will continue to grow up to the point F. But as the curve of 
loads at this point crosses A B, the areas of the curve of loads above A B will 
now be deducted from the foregoing area, until, at X, the shearing curve 
crosses A B, when the ordinates now begin to extend below A B up to the 
point H in the curve of loads, when deduction of the succeeding areas of 
the curve of loads produces the curve of shearing forces as shown. The 
shearing force at any point in the length of a vessel may be expressed 
as the algebraic sum of all the stresses caused by the excess of weight and 
buoyancy from either end. 

Curve of Bending Moments. — Finally, the bending moment at any 
section in the length of the vessel is represented by the area of the curve 
of shearing forces from A or B. From A, the ordinates for the curve of 
bending moments will continue to grow in height up to the point a; in the 
curve of shearing forces, where it attains its maximum. Beyond x from A, 
the areas of the curve of shearing forces should be deducted from the 
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area obtained up to z. By calculating the bending moment at intervals 
along A B, a curve allowing the whole range of the bending moments is 
obtained, A M B, fig. 43. The length of any ordinate from A B to the 
cnrve A M B gives the bending moment at that point in the length of 
the vessel for the fully loaded condition, and floating in smooth water at 
F and H, where the curve of shearing forces attains its greatest height, are 
indicated the points of maximum shearing force. The bending moment 
at any point in the length of a vessel may be expressed as the algebraic sum 
of all the shearing stresses from either end. 

So far, we have simply considered a sailing vessel fully loaded and 
floating in still water at her maximum draught. But the curve of bending 
moments, for such a condition, in no way represents the extremes of the 
bending moments experienced by the ship ; for, while in wave water the 
distribution and the amount of the weight itself remain constant, great 
alterations take place in the distribution of the buoyancy, causing great 
augmentation in the excess of weight over buoyancy and buoyancy over 
weight in certain localities in the length, as the waves change in form and 
position, thereby producing vastly increased bending moments compared with 
what is experienced when floating in smooth water. But not only have 
these greatly augmented bending moments to be provided for in the 
structure of the vessel, but, owing to the rapid passage of the waves, the 
suddenness with which an excess of weight over buoyancy is succeeded 
by an excess of buoyancy over weight, and vice vers4, conduces to the 
severity of the stress experienced by the hull, and must receive due 
attention from the naval architect. In making the calculations necessary 
in order to arrive at a fair approximation (absolute accuracy being impossible) 
to the bending moment experienced in wave water, two conditions which 
probably produce the greatest extreme bending moment to which a ship 
is likely to be subject, are usually taken. 

(1) When supported upon a wave at the middle of the length with 
consequently greatly reduced buoyancy at the ends, the tendency is for 
the vessel to ' hog,' as illustrated iu fig. 29, p. 69. (2) When the ends 
are supported upon wave crests, with consequently greatly reduced buoyancy 
at the middle of the length. In this case, the tendency is for the vessel 
to ' sag,' as illustrated by fig. 30, p. 70. 

In making the calculation in each of these cases, the designer constructs 
upon the profile of the vessel, as accurately as possible, a geometrical wave 
form, the height of which is usually taken as ^^^th of the length measured 
from crest to crest. Having satisHed himself as to the form of the wave, he 
must now carefully ascertain that the displacement is exactly equal to that 
for the still water condition. This must be rigidly observed, for whatever 
be the contour of the wave water, the volume immersed must remain 
unchanged as the weight of the ship remains unaltered. 

The steps in the calculation are now similar to those followed for the 
bending moment in still water. 
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Moment of Inertia of Actual Ships. 

Comparison of Vessels. — As Btated at an earlier stage, the standard 
of strength required in any vessel in order to obtain the freeboard 
stipulated in the Board of Trade Freeboard Tables, must be at least 
equal to the structural strength of ships as defined and specified in 
Lloyd's Rules of 1885. 

Fig. 42 is a midship section of a vessel which fully complies with 
such requirements. 

Now while it is demanded that this vessel be at least equal in strength 
to the standard, it does not follow that the scantlings will be identical 
in every detail. The true comparison of vessels of similar dimensions 
and form should be made upon the moment of inertia of the weakest 
section in the neighbourhood of amidships, assuming that the material 
has been intelligently distributed. 

Disposition of Material. — Any addition of material to the section of 
a girder will produce an increase in its moment of inertia. But we have 
already seen that such increase is most rapidly obtained by making the 
addition to the upper and lower extremities. 

On turning to the ship girder, the same principle is equally true. 
For example, in designing the structural arrangement of a vessel, the 
thickness of the shell plating might be kept uniform from keel to 
gunwale, and the necessary moment of inertia obtained. But it is 
plain that an undue amount of material may have been introduced into 
the structure, for probably the same moment of inertia could have been 
obtained by reducing the side plating from bilge to sheer strake, and 
perhaps in some degree from keel to bilge, by making a substantial 
addition to the thickness of the sheer strake, or by doubling it in 
certain cases, and perhaps increasing the thickness of the strake below 
the sheer strake, say -^V* ^^ might also be advisable, in large long 
vessels, to increase the thickness of bilge plating in one or two strakes. 
What we have proposed is simply to rearrange the material in the 
girder section, by adding to the sectional area of the upper and lower 
extremities, which is the most effective means of increasing the moment 
of inertia, and permits of a reduction in the thickness of the remaining 
plating which is nearer to the neutral axis. By this means, an ultimate 
saving in weight is obtained without any loss in strength or general 
efficiency. This is a most important consideration to the shipowner, 
for reduced weight of hull means to him increased deadweight capacity 
and freight. 

In vessels of special design, with particularly light shell plating, 
caution would be necessary in carrying out any such plan as proposed 
above, for the absurdity of unduly reducing the thickness of the plating 
between the sheer strake and bilge in order to effect a saving in 
weight, and at the same time to promote the possibility of the plating 
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collapaiDg in the region of the neutral axis when su1)j(>ct to racking 
stress, is obvious. 

A fairly good motto to follow in ship designing is * Minimum weight 
to obtain maximum efHcioncy and strength.' So long as the standard of 
strength is secured, both the classification societies and the Board of 
Trade are satisfied, no matter how material may have been wasted, and 
annecessary weight introduced by an incapable designer. It must not 
be overlooked, however, that exceptional strength is required in certain 
localities to provide for local requirements. 

Effect of modification in depth of Transverse Frames.— The vessel 
in fig. 42 (see also fig. 12) is built on the deej) frame system by which 
hold beams are dispensed with. The transverse framing is made up, 
over three-fifths of the middle of the length, of two angles each 
5 X 3 X ^. (See fig. 44.) 

Now suppose the designer or shipbuilder finds that for some reason 
or other it is necessary to adopt 
angles of different scantling, which 
may affect the thickness, 6r perhaps 

alter the depth of the frame girder* ^heti P/ating 

Though the common system is to 
secure the same sectional area of 
material as in the original section, 
it must be evident that with such 
variations in form as just described, 
a difference in the capacity of the 
frame to resist bending may have 
arisen, owing to reduced moment of 
inertia. Strictly, then, the com- fk,. 44.— Section of Deep Frannng. 

parison should not be made upon 

the sectional area of the material, but ui)on the moment of inertia of the 
section. 

Further, the more correct niothod is to calculate the moment of inertia of 
the frame girder about an axis passing through the heel of the l^ar upon the 
shell plating, for the frame being assisted in its stillncsa to resist bending 
by the shell phiting for half a frame space ui)on each si<h* of the frame, 
the neutral axis of the shell plating, together with the fraint' girder, comes 
nearer to the heel of the frame bar than the true neutral axis of simply the 
two angles forming the frame ^qrder. 

Value of Stress Calculation.— It is impossible to make any strength 
calculation which will give as a result the aciual niaxinnini tensional, 
torsional, or compressive stresses endmed by any vessel even where accurate 
information is furnished regarding the distribution of the cargo or the 
weight Fiist of all, the severest bending moments are only experienced 
in wave water, and while it is possible to arrive very ch.sely at an accurate 
curve of weights, the process of defining the buoyancy is purely tentative. 

7 
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A curve showing the total buoyancy is easily constructed, but a curve 
showing the distribution of buoyancy as actually experienced in a seaway, 
is not 80 easily obtained, and at best is only an approximation. However, 
the distribution of buoyancy usually chosen in making the calculation {i.e. 
vessel supported at amidships upon a wave of her own length, and the wave 
height ^th of the length, crest to crest ; or upon a wave of her own length, 
the hollow being at amidships) is probably worse for the ship than the most 
extreme condition actually encountered, and the bending moment so 
obtained is the severest ever likely to be experienced. 

On coming to the moment of inertia at a section of the vessel where 
the bending moment is greatest, and the section weakest — which will 
generally be in the neighbourhood of amidships — though in ordinary 
practice no deduction is usually made for rivet holes in the weakest 
section, still, whether such deductions are or are not made in order to 
obtain the truest results, the assumption that the workmanship is of a 
thoroughly reliable and tnist worthy character is always made. It niunt 
also be assumed that an intelligent disposition of butts has been adopted 
in the strakes of shell and deck plating and other parts, and that the butt 
connections are of a thoroughly satisfactory nature. 

Taking the calculation, therefore, in its entirety, the tensional or 
compressive stresses deduced may be other than accurate. Then tlic 
question may be asked — Of what use is the performance of so laborious a 
calculation ? In the first place, it is a fair approximation to accuracy, and 
most probably does not err on the side of leniency, but produces a calculated 
stress which is larger than that actually experienced under the most trying 
circumstances at sea. 

But its best use lies in its efficiency as a means of comparison. For 
example, having a standard of strength for a particular freeboard — which 
at present is that provided by Lloyd's Rules for 1885 — ^in designing a new 
vessel independently of Lloyd's or any other rules, by a comparison of the 
maximum tensile and compressive stresses from the two sets, of scantlings, 
the efficiency of the designer's scantlings as compared with the strength 
standard may be estimated. 

Assuming that it is equivalent, it will be further advisable to compare 
the weight of one foot of midship length for each vessel, as it will be 
clear that equivalent strength obtained by means of a greater weight 
of longitudinal material is a most serious objection, resulting, as 
it does, both in inereased cost of vessel and reduced deadweight, 
while there is nothing to recommend it. The best and most scientifi- 
cally designed vessel is that in which the lightest material is so disposed 
and combined as to produce the greatest strength, that is, the least 
stress. 

Or again, where minimum freeboard, as specified by the Board of Trade 
Freeboard Tables, does not form an item in the designer's consideration, as, 
for instance in the case of light high-speed channel or liver passenger 
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steamen, the comparison may be inoile apart altogether from any such 
standard of strength as imposed by Lloyd's 1885 lliiles. 

Thus, having a light type of high-speed ^msseiigcr stcamor which, 
after yean of life at sea, has proved herself thoroughly cfTicicnt in 
atractoral strength, the maximum calculated stresses may reasonably 
be used in making a comparison of strength for a new similar type of 
vessel. 

Oalcnlation for Position of Neutral Axis and Moment of Inertia of 
an actual Ship. — The following calculation is for the moment of inertia 
of the section of the vessel shown in fig. 42. It is scarcely necessary to 
explain that only continuous longitudinal material is dealt with in such a 
calculation. 



CALCUIiATION TO FIND NeUTRAL AxiS. 



Name of Part 


Sectional Area 


Distance of Centn> 
of Gravity above 


Moment. 




in sq. in. 


Koel in feet. 




Keel plate 


12-6 


0-0 





Garlioard strnke, 


19-8 








Bottom plating, 


(JOG 


•3 


18 


Bilge 


49-8 


1-8 


S9 6 


Side „ ... 


840 


no 


9-24 


Sheer strako, . . . . 


220 


186 


420-3 


Deck stringer plate, . 


17-0 


19-3 


3-28-1 


Gunwale bar, .... 


40 


19-3 


77-2 


Deck plating, . . . . 


33-1 


19-6 


648-7 


Centre keelson 


8-1 


1-5 


12-1 


Centre keelson bottom angle, 


4-0 


•15 


•6 


»f II top II 


3-2 


2-8 


8-9 


Side keelson 


10-9 


1-6 


17-4 


Tank side angle, 


7-5 

2-8 


20 
•8 


ir.-i 

2-2 


Tank top centre Ktrako, 


7-2 


3-0 


21 6 


„ remainder, . 


50-4 


3 


ir.1-2 


Upper side stringer p1at<), . 


80 


l-iO 


96 


„ bulb angisR, 


10-9 


12() 


20-2 -8 


Lower side stringer i»late, . 
„ bulbangloH, 


8 


rrs 


4r; 4 


16-9 


5-8 


980 


446-8 


3178-2 



3178-2 



Distance of neutral axis above keel. 



It will be soon that the calculation for moment of inertia of any section 
of a vessel does not involve any seriou-s amount of labour. It is divided 
into two parts. In tbe fir8t>, the neutral axis is found, the moments being 
compated relatively to a hwse line passing through the top of the keel. 
This is necessary, as explained in the foregoing pages, in order to find the 
moment of inertia in the second stage of the calculation. 

Efltimate of Bending Moment for an actual ship, and Stress per 
square inch. — But before the stress upon either the tr>p or bottom sides 
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CAiiOULATioN of MoMENT of Inbrtia of a vessel when supported upon wave crest 
at middle of length, and thus subject to Hogging Strain. 







Distiince of 














Sectional 


Centre of 






Depths 






Particular Item ii 


I Area 


Gravity 


A« 


Axh^ 


of 


d^ 


^xA 


Ship Girder. 


= A. 


from 


Vortical 




X d* 




Sq. in. 


Neutral 
Axis = A. 






webs = d. 










ft. 






ft. 






Keel plate, . 


•126 


7-1 


60-4 


685-0 









Garboard strake, 


19-8 


7-1 


60-4 


997-9 





... 




Bottom plating, . 


60-0 


6-8 


46-2 


2772-0 





... 


... 


Bilge „ . 
Side „ 


49-8 
84 


6-3 
8-9 


28-0 
16-2 


1394-4 
1276-8 


4-2 
14-0 


17-6 
196-0 


73 
13720 


Sheer strake, 


22-6 


11-6 


132-2 


2987-7 


2-9 


8-4 


15 8 


Deck stringer plate, 


170 


12-2 


148-8 


2529-6 








Ganwale bar, 


40 


12-2 


148-8 


595-2 




... 


.. 


Deck plating, 


33 1 


12-5 


16«-2 


5170-2 


... 






Centre keelson, . 


8-1 


6-6 


81 8 


253 5 


3-0 


9-0 


GO 


Centre keelson bottom 


angle, 4-0 


7-0 


49-0 


196-0 








•f ^P 


,r 82 


48 


18-4 


58-8 








Side keelson, 


10-9 


6 6 


80-2 


3.91 


*2'-6 


6-7 


6-0 


Margin nlate, 
Tank siae angle, . 


7-6 


61 


26 


195 


1-8 


3-2 


20 


2-8 


6-3 


89-6 


110-8 




... 




Tank top centre strake 


7-2 


4-1 


16-8 


120-9 


... 






„ remainder, 


50-4 


4-1 


16-8 


846-7 








Upper side stiinger pl« 
,, bulb angles 


ite, . 80 


4-9 


24-0 


192-0 


... 




... 


», . 16-9 


4 9 


24-0 


405 6 








Lower side strin^'er i)h 
„ bulb aiigle» 


itc, . 8-0 


17 


2-8 


22-4 




... 




1, . 16-9 


1-7 


2-8 


47-3 








21186-9 


1474 8 










1474-8 


Moment 


of inertia for 


22611-7 












half s€ 


ction. 












2 


For botl 


sides ( 


)f vessel. 










45-223-4 


Total m 


Dmcnt ( 


)f inertia. 



of an actual ship can be ascertained, the bending moment has to be found. 
This, as previously shown, is a very laborious and lengthy process of 
calculation. But happily, for ordinary types of vessels of usual proportions, 
whether cargo or passenger, T^^^th of the length on the load water-line 
multiplied by the displacement in tons is found to give a fairly accurate 
approximation to the maximum bending moment experienced, and which 
is developed when the vessel is supported upon the crest of a wave at amid- 
ships, and enduring a * hogging' strain. This is the bending moment 
usually adopted by designers in making stress calculations. For certain 

* Tlie sectional areas in the above calculation are for one-half of the section of the 
vessel. It is thus necessary to multiply the moment of inertia for the half section 
by 2 in order to obtain tbe total moment of inertia. 
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special types of vessels, the fraction of the length may drop as low as 
^th or even ^th. But, as just stated, for the conii)arisoii of ordinary 
types of vessels, ^th of the length is generally taken. 

The vessel whose midship section is shown in Qg. 42, and moment of 
inertia calculation on previous page, is 240 ft. long, 35*5 fu extreme 
breadth, and 16 ft draught. Coefficient of fineness *72. 

The displacement is : — 

240 X 35-5 X 16 X 72 „,^, ,. , 
OK = 2804 tons displacement, 

, 240 X 2804 ,^^^^ , ,. 

and rtg = 19227 maximum bending moment. 

The neutral axis being 13-1 ft. from top of sheer strake, and 7*1 ft 
from the keel, the maximum tensional stress on tlie top of tlw sheer strake 
will be — 

19227 X 131 ^ , 

— Afiiy'y-^'A. — = 5*5 tons per square inch, 

and the maxifnum compressive stress on the bottom plating will be — 

19227 X 7-1 ^ 

— 4^K.>o^-4. — "^ 3 tons per squUre inch. 

On account of the heavier massing of longitudinal material along the 
bottom and bilge of a vessel, the neutral axis is generally considerably 
nearer to the bottom of the vessel's section than the top. Consequently 
the stresses are usually severest on the topsides. The gre it value of steel 
upper decks is not only that they increase the moment of inertia of the 
section, but that they raise the neutral axis also, and thus reduce the 
excess of stress upon the topsides. 

Value of Begistration Societies to Shipowners. ~Tho custom is so 
prevalent in these days for shipowners to class their vessels in one or other 
of the registration societies, that the shipbuilder, not being responsible 
for the structural strength, seldom finds it necessary to calculate the 
stresses, except in the case of special types of vessels not built to any 
class. 

It naturally follows that the most extensive, varied, and valuable of 
such information must be hohl by the registration societies, who are 
directly responsible for the strength of the vessels built to their require- 
ments. With their wide and diversified experience of vessels of all types, 
indnding the enormous value of periodically coming into contact with 
vessels which have to be surveyed and carefully examined in order to 
maintain their class, no all-round judgment can be more authentic or 
valuable than theirs. 

Comparison of Stresses on Vessels increasing in Size. — The late 
Mr* John, of Lloyd's Resistor, as the result of most extensive investigation 
into the strength of ships, gave the following particulars of calculated 
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stresses for vessels increasing in size, and which. 4ire known to have proved 
thoroughly efficient 



Reguiter Tonnage of 


Maximum Tensile Stress })er square 


Vessel. 


inch upon Upper Part of Section. 


100 


1-67 


200 


2-86 


400 


8-65 


600 


872 


800 


4-50 


1000 


5-19 


1500 


5*34 


2000 


5-9 


2600 


7-08 


3000 


8-09 



The proportions of the above vessels were about eight breadths and 
eleven depths in length, and they were each equal to Lloyd's highest class 
at that time. The maximum bending moment, when supported upon a 
wave crest at the middle of the length, was assumed to be ^^^th of the 
length multiplied by the displacement. As the proportion of length to 
breadth and to depth increases, the stresses increase, and similarly, when 
the proportion decreases, the stresses decrease also. 

Though Mr. John's stress results were published in 1874 for iron 
vessels then in service, subsequent calculations made upon modern vessels 
do not widely differ from these results, which still remain both valuable 
and interesting. 

In 1892, Mr. A. Denny, in a short, but very valuable paper read before 
the Institute of Naval Architects, showed that, for a typical vessel, 
350' X 44' X 32', with a displacement coefficient of fineness varying from 
'56 to *78, loaded with homogeneous cargo, and bunker coal consumed at 
the end of a voyage of 5000 nautical miles, the maximum hogging stresses 
upon waves equal to the length of the vessel, and of a height equal to ^th of 
their length, ranged between 7*93 and 9*76 tons per square inch. For a 
smaller vessel, 250' x 30' x 23', Mr. Denny also showed that with displacement 
coefficients of fineness of '637 and *795 under similar conditions, excepting 
that the length of the waves was equal to the length of the vessel, and their 
heights equal to ^^^th of their length, the maximum calculated hogging 
stresses were 4*28 and 5*57 tons per square inch respectively. 

It is observed from the foregoing results of calculated stresses, that 
the maximum stresses upon small vessels are very much smaller than 
the maximum stresses upon large vessels of similar proportions. From 
a purely strength of girder point of view, such wide disparity in stresses 
should not exist, but while ships may, in some respects, be treated as, and 
compared to girders, they are very much more than ordinary girders. The 
exceedingly wide diversity of the demands made upon the strength and 
stiSneaa of ships, which in many instances have to be met in ^xxiaAi Noia^ek 
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to an almost equal extecit as in large vussuls, nuoe^itat ^s the iutroduction of 
much more material than the duuiaiids upon a simple girder would entail, 
and as a result^ the calculated stresses in small vessels are comparatively 
small. 

Further Bemarks upon the Value of Stress Calculations. — ^As we 
have pointed out and explained at an earlier stage, the calculated stresses 
must not on any account be taken as the actual stresses experienced by 
ships in performing their work at sea. As a matter of fact, we have no 
means of ascertaining what the actual stresses are which a ship endures. 
At the same time, all such calculations should, as far as it is possible, 
approach the truth. In most stress calculations made for vessels 
supported amidships upon a wave crest, and upon wave crests at their 
ends with the wave hollow at amidships, it is usual to consider the water 
pressure at equal depths in all parts of the wave crest and hollow as 
though it were exactly the same as in smooth water. But this is not the 
case. The upward heave of the wave reduces the weight of the particles of 
water in the waves, and consequently varies their still water upward 
thrust, while the water in the wave hollow, being below the normal level 
(remembering that in waves it is the foiiii only that travels, the water 
itself only rising and falling), exerts a pressure varying in the opposite way. 
These variations of pressure in wave water naturally have their effect upon 
the buoyant supports given to the vessel, and certainly modify the results 
obtained by considering the vessel to be among wave water, the pressure of 
which at similar depths below all points of the surface is assumed to be 
equal. 

To introduce all such modifyint; agencies as these into the calculation 
would mean enormous labour, and while it is very unusual to consider 
them in making an actual calculation, it is well to reniomber that they do 
exist. 

As previously shown, the great value of all calculated stresses lies in 
their value as a means of comparing vessels of similar types. 

Although in a steel structure, where a stress is gradually and steadily 
applied and as gradually removed, to expect the material to stand a working 
stress of 9 or 10 tons per square inch would be quite reasonable when 
it is of good uniform quality similar to that used for ship construction 
and the workmanship is of the most efficient character, yet in many steel 
structures, and particularly in ships, the stresses experienced are most 
irregular, and often for considerable periods when labouring in a seaway, 
applied in the most sudden manner. 

How true this is must be very clear when it is remembered that in 
the rapid transit of waves during the period of a few seconds, a severe 
tensile stress is converted into a compressive sagging stress, and this goes 
on indefinitely. Under such circumstances, it is mo^t important that the 
material be not taxed to any such limit as may be considered safe under a 
tieadily applied stress. 



t64 STEifiL SHIPd. 

Workiiig Stress. —Taking the factor of safety of steel as 5, the maximum 

30 or 32 ^ , - , T> X 1 

working stress should not exceed — g = 6 to 7 tons. But as vessels 

with a cdleulaied maximum stress of 8 tons and over are doing service 
without showing any signs of weakness, the natural inference is, that 
calculated stresses are in excess of those actually experienced, which is 
undoubtedly the case, for probably part of the assumptions made for 
extreme conditions, in calculating the maximum stresses, are never actually 
experienced. 

However, whenever stresses work out^ in cargo vessels, to between 8 and 
10 tons, and in some cases even more than this, special attention should 
be given to the strengthening of the top and bottom flanges of the ship 
girder. 

BrectioDB on Deck. — Though short poops, short bridges, and short 
forecastles increase the depth of the ship girder locally, they add no 
material longitudinal strength to a vessd. Isolated strength may be 
necessary to meet a local strain, and short erections may serve a certain 
purpose, but these do not improve the strength of the ship girder as a 
whole. Indeed, where short bridges are built, the sudden termination of 
strength at their ends makes a decided weakness in the longitudiual 
strength, especially when subject to the sudden and severe stresses ex- 
perienced in wave water (the maximum bending moments, it is remembered, 
being greatest over the middle of the length), and if no provision were made 
to cover this, signs of severe straining might be expected at the ends of such 
bridges, — in the sheer strake and side plating and the deck stringer. 
This would show itself in opened butt joints, sheared rivets, or, perhaps, 
serious deflexion as illustrated in an exaggerated manner in figs. 29, 30, 
31, and 32. Therefore the extra strength afforded by the bridge, or any 
other erection terminating on the midship half length, must be blended into 
the hull proper. This is usually done by doubling the sheer strake for some 
distance at each end of the bridge, by doubling or thickening the deck 
stringer in the same locality (or both methods), and by carrying the lower 
strake of the bridge side plating, which is generally thicker than the 
bulwark plating, for some distance beyond the bridge at each end, thereby 
forming part of the bulwark plating Neither short poops, bridges, fore- 
castles, nor the extra means for strengthening vessels at the ends of bridges 
or other midship erections are taken account of in calculating the moment 
of inertia of the section, and in estimating the stress upon the upper and 
lower parts of the section. 

Where, however, a long bridge is fitted, covering at least fths of the 
midship length of the vessel, it affords very material longitudinal strength. 
Certainly it does not cover the whole length of the vessel, but it extends 
over that part of the length upon which the severest bending moments are 
experienced. It is rights therefore, that such a bridge should be included in 
calculating the longitudinal strength of the vesse!, provided that care be 
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taken to avert the sudden termination of strength at the bridge ends in a 
manner similar to that described for the ends of short bridges. 

Similar precautions must be taken in deaUng with all other erections 
which terminate anywhere on the middle length of the vessel. Thus, raised 
quarter decks which terminate on the middle length, and are not connected 
with any other erections, require special attention at the end. Not only are 
the precautions necessary as explained for short bridges, but the two lengths 
of the ship of different depths are strengthened at the break by overlapping 
their decks for several frame spaces, and uniting the overlapping parts by 
diaphragm plates. (See fig. 47.) 

Without such preventive means, injury such as described at the ends of 
short bridges might be anticipated. Similar steps are necessary when the 
raised quarter deck terminates against a bridge. The broad principle to be 
kept in view is, that all sudden terminations in strength must be rigorously 
avoided. In making calculations for strength, a section should be chosen 
where the bending moment is greatest and the transverse section weakest ; 
and only such longitudinal material as contributes substantial structural 
value to the ship girder should be taken account of in the calculation. 

Board of Trade Instructions for Comparing the Strength of Vessels 
for Freeboard Purposes. — In making calculations of strength in order to 
make a comparison for freeboard purposes, the Board of Trade inntructions 
state that steel or iron decks which cover not less than |ths of the midship 
length of the vessel are to be considered in the calculation just as they would 
be if of the full length. 

Wood weather decks, if continuous throughout the midship portion of 
the ship, are to be considered as equivalent to steel of ^th the sectional 
area of the wood. 

For the purpose of comparison of strength, the breadth of the hatchways 
in the standard vessel is deemed to be Jrd the breadth of the deck, and 
the tie plates are assumed to be iitted at the sides of the hatchways. A 
deduction of yth is to be made for rivet holes in steel, and ^th in iron for 
the parts under tension. 

Deductions, — After the consideration we have given in the foregoing 
pages to the strength of ships, a brief enumeration of a few deductions 
from facte which must now be fairly obvious will appropriately conclude 
this section. 

1st. Vessels of great length require more longitudinal strength (larger 
moment of inertia of cross section) than vessels of less length, even though 
of identical transverse dimensions, simply because increased length, anJ, 
in all probability, increased displacement, produce an augmented bending 
momeui 

The classification societies provide for this by demanding additional 
longitadinal strength in vessels of extreme proportions. 

2nd. Long shallow vessels with their small depth of c^inler^ and Keue^ 
maU dhtance from aeutml axis to upper aud \o\y^v ^^\it^m\\Aft^ ^t^ 
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greatly handicapped, as it were, in producing a satisfactory moment of 
inertia of cross section sufficient to provide for the demands which may 
be made upon their strength when subject to maximum hogging and 
sagging bending moments. 

While long shallow vessels of comparatively light scantlings may be 
safely used for passenger service in rivers and channels, it is obvious 
that, without extraordinary additions to their scantlings, they are totally 
unfit for over-sea trade, and more especially so, if required to carry 
miscellaneous cargoes. In such vessels, continuous longitudinal middle 
line bulkheads afford most valuable longitudinal strength. 

drd. In all vessels, more transverse strength is required in the region of 
amidships than elsewhere. This is apparent when it is remembered that the 
girth is greatest here, with consequently maximum pressure from the water. 
Transverse framing should therefore be of extra strength over the middle 
length (usually fths length). 

The maximum hogging and sagging bending moments also are greatest 
over the middle length of ships, and all longitudinal material should there- 
fore be of extra strength over this locality (usually the half length). 

The special weakness caused by hatchways and other deck openings, 
and openings in side plating, and the means which may be adopted for 
providing the necessary strength, is considered in the chapter on ' Structure.' 



CHAPTER VI. 

TTPE8 OF VESSELS. SECTION L 

Fundamental Tjiwb and Modifications of sanio— Relation between DcH:k Erections and 
Deadweight — No Reduction in Freeboard for Excessive Strengtli in a Vessel with 
Fnll Scantlings— Determination of Tyjie— Tlirce Deck, One and Two Deck, Si>ar and 
Awning Deck Vessels— Illustration of Priucii>ttl Scantlings of foregoing TyiHJS— 
Vessels of Intermediate Grades between Three Deck and Sjiar Deck, and Si»ar Deck 
and Awning Deck — Raised Quarter Deck Vessels — Maximum Stress — Partial 
Awning Deck, Shelter Deck, Well Deck, Shade Deck Vessels, etc. 

Fundamental Types of Vessels.— The great variety of purposes for 
which shipti are used, and the widely different kinds and densities of 
cargoes which may be carried, have had the very natui-al effect of producing 
vessels specially adapted for specific puriK)ses. And thus, while ordmary 
mercantile steamers may generally be classed under the heading of cargo 
or passenger steamers — wholly or partially — much greater subdivision of 
type is adopted. Hence shijvfolk are in these days familiar with the three 
principal or fundamental types of vessels — 

(1) Vessels of full scantliiujs, known as Siwjley " ^W," or " llirce Deck" 

(2) Spar Beck Vessels^ 

(3) Avniing Deck Vessels^ 

and also with modifications of these types, such as Raised Quarter Deck 
Vessels^ Partial Awning Deck Vessels, Shelter Deck Vessels, SJuult Deck 
Vessels^ and in addition, vessels of more novel type, such as ^' TtuTet,'* 
^Trunk^*' and other ^^fSelf-ttnynmiw/" steamers. 

In this section it is purposed, by means of description and illustra- 
Uon where necessary, to point out the special features in either 
design or structure which produce the distinctions in these different 
types. 

We have previously shown, in dealing with the subject of classification, 
that the load line is assigned to a vessel strictly in pro^K^rtion to her 
stnictuial strength with a minimum percentage of reserve buoyancy. 
Thia^ it will be understood, applies to every kind of vessel to which a 
miwimnm freeboard is ass'igiwd. 

J Re l M t inn between Deck ErecUous and Deadweight. — lisow, asavLmiw^ 
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that a flush deck vessel has been built to the highest sbandard of structural 
strength, it will follow that no reduction can be made in the freeboard 
iinless additional reserve buoyancy, suitably situated, can be added to the 
vessel. But as valuable additional buoyancy can be obtained in the form 
of forecastles, bridges, poops, and other superstructures covering either the 
whole or part of the length of the vessel, reductions in freeboard, which 
may considerably augment the deadweight carrying capacity of the vessel, 
are obtained. 

No reduction in freeboard for excessive strength in a vessel of full 
sccmtlings. — ^Again, taking the case of a flush decked vessel (with no 
erections whatever) built in excess of the highest standard of structural 
strength, no concession could bo obtained in the matter of freeboard, 
simply because, as we have pointed out, such a vessel would have a less 
percentage of reserve buoyancy than required by the freeboard tables of 
the Load Line Act of 1890. And as seaworthiness embraces other features 
in addition to structural strength (and equally important), to jeopardise 
the safety of a vessel by allowing to her the maximum immersion which 
a consideration of her structural strength alone would permit, would be 
exceedingly unwise. One of these important features which is vastly 
influenced by the amount and disposition of the reserve buoyancy is the 
stability, and in drawing up the "Freeboard Tables," a minimum per- 
centage of reserve buoyancy was specified for flush decked full scantling 
vessels of ordinary type and proportions such as, it was assumed, would 
ensure as far as possible favourable stability conditions when properly 
loaded. 

With these points kept in view, together with what has already l)een 
said upon " Classification," we shall better be able to see how the different 
types and modifications of types of vessels have arisen. 

The Determination of Type. — Every reader knows that there are 
many bulky cargoes of such comparatively small density that a vessel 
could be loaded up to her hatches, and every available space in deck 
erections occupied, and the tobal deadweight would not be sufficient to 
immerse her to the maximum draught; while, on the other hand, there 
are other cargoes of vastly greater density with which the same vessel 
could be brought to her load draught long before the total hold space had 
become occupied. To such variations in the specific gravity of cargoes are 
principally due the types known as awning deck, spar deck, and vessels of 
full scantlings. 

"Three Deck" Vessels. — Let us first suppose that a shipowner con- 
templates the addition of a new vessel to his fleet. We now see that he 
has more to consider than merely external dimensions and speed. He 
must be satisfied in his own mind, to some extent at any rate, as to what 
is the most proba])lc kind of cargo this vessel will cany. If the probable 
cargo be of considerable density, it will naturally follow that it will be 
impossible, as with many of such cargoes, to fully occupy the whole hold 



TYPES OF VESSELS — SECTION I. IO9 

space before the vessel has reached her load water-line. He will therefore 
want that type of vessel which will carry the greatest deadweight in 
relation to her size ; and, as we have seen, the strongest type of vessel built, 
and that which permits of the greatest immersion (i,e, to which the least 
freeboard is assigned), is that known as the " three deck " vessel, though it 
is not actually necessary, as before shown, that the vessel should possess 
three actual tiers of beams, for the lowest tier may be dispensed with by 
introducing compensation in the form of deep framing, web framing, etc. ; 
or the two lower tiers of beams may be substituted by one tier of widely 
spaced beams of extra strength, together with deep framing assisted at 
intervals by deep web frames, as described on pages 176-9, and illustrated in 
figs. 112 and 113. 

One and "Two Deck" Vessels. — Vessels of smaller size, though built 
to the fullest scantlings, may only require two, or even one tier of 
beams. 

The amount and nature of erections on vessels of this kind, as for 
three deck vessels, would probably depend chiefly upon the requirements 
for the accommodation of the crew, protection of steering gear, and, as 
in the case of three deck vessels, upon the proportions chiefly in relation 
to the depth to length. Even in the case of erections such as those 
just mentioned, considerable reduction may be obtained in the freeboard 
(which means increased deadweight) according to the value of the reserve 
buoyancy afforded by such erections. 

Awning Deck Vessels. — Supposing, again, that the shipowner required 
a vessel to carry cargo of comparatively light density, or, say, to carry cargo 
in the lower holds, with passengers in the 'tween decks and other super- 
structures, it is obvious that the "three deck" vessel of full scantlings 
would be unsuitable for the purpose, for not only would he find it im- 
possible to bring the vessel down to her load draught line with ordinary 
miscellaneous cargo, but the excessive strength of the vessel would have 
entailed much unnecessary outlay in the first cost, and excessive and 
therefore mmecessiiry structural material is both useless and waste. 
Under such circumstances the light awning deck type of vessel would 
probably be adopted, which, possessing large freeboard, that is, high 
side out of water, would have the additional advantjige of being drier 
on deck, and therefore better adapted to the comfort and requirements 
of passengers. (See page 118 re Modem Awning Deck Vessels.) 

Spar Deck Vessels. — Intermediate between the three deck vessel of 
full scantlings and the awning deck vessel of greatly reduced scantlings, 
comes the spar deck type of vessel, which is particularly suited for cargoes 
of moderate density. In recent years this type has been extensively 
adopted. All other vessels, whether they be called shelter deck vessels, 
shade deck vessels, raised quarter deck vessels, partial awning deck vessels, 
or vessels of special design for self-trinmiing purposes, may, from a 
Structural point of view, be assigned to one of the fundamental types, 
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though modified in certain of their structural features in a greater or 
degree. 

The external view of the structure of a vessel, such as may be obtai 
as she lies afloat unloaded, or in dry dock, affords little indication whet 
she be of " three deck," spar deck, or awning deck type. However, i 
fully loaded condition, the amount of freeboard would present a no 
certain clue to the determination of her type. 

Closer Examination of Types. — It will be necessary at this stagi 




Fio. 46. — Midship Section of a Single Deck Vessel. 

examine the structural features of these different types of vessels in nr 
minute detail. 



Vesset^ of Full Scantlings. 

First. One and " Two Deck" Types.— See fig. 45, which is a mids 
section of a single deck vessel. 

See also fig. 10, which is a midship section of a two deck vessel, b 
with ordinary frames and widely spaced hold beams; fig. 11, which i 
midship section of the same vessel with web frames compensating for I 
beams; and fig. 12, which is also the same vessel built with deep fram 
likewise dispensing with hold beams. 

The sectional profile of the " two deck " vessel shown in fig. 46 is 
the same vessel to whose midship section we have just referred 
Bg. 12. 
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The following Tables of Scantlinj?s for figs. 10, 11, and 12 (and 46) 
will give, to those readers \inao(iuaintod with the rules of the classification 
societies, some idea of the sizes of material rc([iiired for vessels of this 
size. The scantlings are such as would comply with Lloyd's present 
requirements for 100 Al class. 



Scantlings for Fig. 10. 



Uoyd's Numerals* — 

) Girth, . .34 4 

I Breadth moulded, 1 7 76 

Depth* . . . 20-00 



lat number, . .72*15 
Length, . . .241 

2nd number, . 17,38815 

Depth in length = 12 05 
Frames, 4i x 8 ^^-^' 



Wwune spacing, 24 in. 
Bcreree frames, 3 x 3 x /q. 
Floon, 22} X Vs. 

Centre keelson, 17 x • 



20 

„ angles, 5 x 4 x ^o* 
Rider plate, 11 x H, 



Side intercostal, A. 

„ angles, 5 x 4 x ,V 
Bilge keelson bulb ]»lute, 

Bilge keelson angles, 6 x 4 x ^o 



Scantlings for Fig. 11. 



Same as for fig. 1 0. 



Frames outsido tank, 4.) x 3 

20 
Web frames, 15 x ®_"-I » 

anglo,s, 3 X 3 X 5",^ six 

frame H|)aces ajwirt (12 ft. ). 

Frames in double bottom, 

3 X 3 X -?-::-2 . 

20 
Same aa for lig. 5. 

»i >» 

Floora, 86 in. di'cp x ^a. 

Centre tli rough -plate, A[} x ,'>^. 

Toi» angles, SJ x 3J x a'>.^. 

Tank margin plate, 25 x J„. 
Tank top centre strake, 36 

20 
Tank top under engines, -^a ; and 

under boiler, l'^. 
Tank top in htjlds, aV 
Side intercostal, n^^. 

,, angles, 3 x 3 x g'o. 
Formed by maigin j»late. 



Scantlings for Fig. 12. 



Same as for fig. 10. 



Depth of frames 7 in., 
composed of two angles. 



5 X 3 X 



20 



.t 



Same as for fig. 1 0. 

See I'ramos. 

Same as for fig. 11. 

Centre through - plate, ^ 

36 X ,V 
Top angles, 3.^ x 3} x ^^. 
Bottom „ 4 X 4 X ig. 
Same as for fig. 11. 



Same as for fig. 11. 



* See page 118 for explanation of numerals. 

t The latest practice is to increase the depth of framing and decrease the scantling of the 
I stringers, the latter taking the form illustrated in figs. 88, 102, 113, etc. Hence, in the 
I which fig. 12 represents, 7^ in. depth of framinf^eoiii posed of two angles with tmnsverse 
I S^in. aod 5 in. resjiectively (3 in. lap), in conjun{;tion with two side stringers (intercostal 
pbte A i^ thick, and continuous angle on face of frame 5J x 3^ x ^o)> would be considered of 
•qnTftlent efioiency. 
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Table of Scantlings — conthiwd. 



Scantlings for Fig. 10. 



Side stringer, 



Two angles, 



^ 6 X 4 X A. 



Upper deck beams, 5i 
X 8 X ^0. 
Bulb angle. 



Lower deck beams, 9} 
X ^0. 
Bulb plate. 

Angles, 4 X 4 X gV 
Covering plate, ^f^. 

Upper deck stringer, 34} x y. 



^ 
^ 



Lower 



32 X 



-25 x^,. 
PUlars, hold, 3|. 

,, 'tween dwka. 2|. 
Bulkheads, four in number, ^q 

thick. 
Bar keel, 9 x 2{. 



Complete steel deck, ^. 
Reverse angles extend to up]>er 

and lower decks alternately. 
See fig. 10 for scantlings of 

shell plating. 



Scantlings for Fig. 11. 



rTwo side or web stringers, 16 

' x?_-l 
I 20 • 

^Angles, 3 x 3 X /^. 



Upi>er deck beams 6 x 3 x ^;7 ; 
bulb angles on every frame. 

Whole beams at head of web 
frames, 8.J x ^% bulb plate 
and two angles, 3 x 3 x ^^,. 

None. 



Same as for fig. 10. 
None. 

Pillars, 3|. 

None. 

Same as for fig. 10. 

Keel slabs on sides of centre 
through -])late 1 in. thick. 

Same as for fig. 10. 

Reverse angles to upi>er deck 
and stringer below alter- 
nately. 



Scantlings for Fig. 12. 



Two side stringers. Plato, 



16 X 



3 0-9 
20 



Bulb angles, 9 x 3^ 
13 - 12 ,. 

X — 2Q— I or, alter- 
nate method, 

Plato, 20 X ^ " ^ . 

20 
Angles, 5i X 4 X 5<>o. 

S.ime as for fig. 11. 



None. 



Same as for fig. 11. 
None. 

Same as for fig. 11. 

None. 

Same as for fig. 10. 






Flat plate 
.. 14 - 11 



keel, 36 



20 

Same as for fig. 10. 

All reverse angles to 
up|)er deck, exce})t in 
the |K)aks, where ordin- 
ary framing is adopted. 



A single deck steam vessel, according to Lloyd's Rules, is one having 
a depth from the top of the keel to the top of the beam at the centre (with 
the normal round up) of less than 15 ft. 6 in., while a " two deck" vessel is one 
of less than 24 ft. depth. As previously shown, the " two deck " vessel need 
not necessarily possess two complete decks, for while the upper deck must 
be a complete deck laid and caulked, the lower deck may only consist of a 
tier of widely-spaced strong beams, or even these may be dispensed with, 
if compensation in the form of web frames and stringers or deep framing 
be inti-oduced. 

The 1st numeral, by means of which is obtained the spacing of the 
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frames, and the scantlings of frames, reversed frames and floor plates, the 
thickness of bulklieads and the diameters of pilhirs, is determined by 
adding together in feet the half-moulded breadth of the vessel amidships, 
the depth at the middle of the vessel's length from the upper part of the 
keel to the top of the upper deck beams with the normal round up, and 
the half girth of the midship frame section measured from the centre line 
at the top of the keel to the upper deck stringer plate. 

By multiplying the 1st numeral by Lloyd s length,* the 2nd numeral 
is obtained, by means of wliich are ascertained the scantlings of the keel, 
stem, and stem post, keelson and side stringer plates and angles, the 
thickness of the outside shell plating ; and this 2nd numeral, in conjunc- 
tion with the proportion of the vessel's length to depth, determines the 
scantlings of deck stringer plates, thickness and extent of deck plating, 
and special additions to structural strength which are requiretl when the 
vessel is of extreme pmportions, that is, of over eleven depths to length. All 
bulkheads extend to the heiglit of the upper deck. When there is an 
erection in the form of a bridge, poop, or forec^vstle, all the frames extend 
to the height of the stringer plate ui)()n the deck of such erections. 

In vessels with two tiers of Ix^ams, the reversed angles should extend 
alternately to the upper deck stringer plate, and to the top of the 
oontinuous angle bar on the hold l)eam stringer. Should the hold beams 
be dispensed with and web fnimes substitut<?d, the reversed frames will 
extend to the upper deck stringer plate and to the top of the angle bar on 
the stringer plate next below it. With deep framing both the frame and 
reversed frame extend to upper deck. In small single deck vessels, where 
the numeral is less than 57, the reversed frames may extend to a less height 
than that just given. As such erections as poops, bridges, and forecastles 
are only considered as superstructures, damage to which it is not supposed 
would endanger the safety of the vessel, the thickness of side plating and 
the scantlings of their beams and stringers are less than arc required for 
the main hull of the vessel. 

Second. " Three Deck " Vessels. — In vessels of this type the upper deck 
is the strength deck. By this we mean that the vessel depends for 
structural strength upon the njaterial up to and including the upper deck, 
when she is subject to the various stress(^s which are experienced in smooth 
and wave water, in a balhist, or a fully or partially loaded condition. The 
upper deck, moreover, must be considered as the strength deck, because, 
in the event of damage accruing in any part of the structure up to or 
including that deck, the Siifety of the vessel may be greatly imperilled. 
A " three deck" vessel is one of 17 ft. or over in depth from the top of the 
keel to the middle deck at centre (with the normal round up), or 24 ft. 
or more to the upper deck at centre. 

Here, again, these vessels need not necessarily possess three tiers of 
beams, for the lowest tier may 1)e dispensed with in a manner similar to 

• See i)age 49. 

8 
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that described for the " two deck " vessel. The numerals for scantlings are 
obtained somewhat difFercntly from the method described for one and 
two deck vessels. The 1st numeral is obtained by adding together the 
half-moulded breadth, and the depth and half girth of the midship frame 
section measured to the upper deck. From this sum 7 is deducted, and 
the result is the 1st numeral. This, multiplied by the vessel's length, 
gives the 2nd numeral. All bulkheads extend to the upper deck. All 
frames extend to the upper deck stringer plate, and, where poops, bridges, 
or forecastles are fitted, to the height of their respective stringer plates. 
When ordinary framing is adopted, the reversed frames extend alternately 
to the upper deck, and to the angle bar on the middle deck stringer 
plate. If the vessel has deep frames, each alternate reverse frame may 
stop at the middle deck angle, \mless, as in figs. 48 and 49, the height of 
'tween decks exceeds 8 ft., in which case all the reversed frames extend to 
the upper deck. The sheer strake is placed at the upper deck. 

While the original idea of a " three deck '* vessel was one possessing two 
or more complete decks laid and caulked, and a tier of hold beams, or a 
substitute for these hold beams, it is now common for some of these vessels 
to have not more than one laid deck, and whether a steel deck be required 
will depend upon the size of the vessel's 2nd numeral, and the proportion 
of depth to length. For example, a " three deck " vessel, with a 2nd numeral 
of less than 23,000 and under ton depths in length, or 19,000 and under 
eleven depths, would require no steel deck whatever ; and only when the 
2nd numeral had reached 25,000, if there be less than ten depths in the 
length, would one complete steel deck be required. Where, however, a 
steam ** three deck '' vessel requires not more than one steel deck, the wood 
middle deck may be dispensed with by making a small addition to such 
freeboard as would be assigned in accordance with the Load Lino Act to an 
ordinary " three deck " vessel with the middle deck laid. Should, however, 
the shipowner object to any increase in freeboard, the middle wood deck 
may be dispensed with if the frames and reverse frames are of a size such 
as would be obtained from the Ist numeral without the deduction of 7. 
Moreover, all reverse frames would be required to extend to the upper deck, 
or other compensation introduced. See also page 176 and figs. 112 and 113 
for description of a " three deck " vessel wherein the middle tier of beams with 
its steel deck is dispensed with, by the introduction of stronger framing. 

The " three deck " vessel illustrated in figs. 48 and 49 has a shelter deck 
erection extending all fore and aft, and on the shelter deck a bridge 
erection. So valuable may the shelter deck be in affording longitudinal 
strength and buoyancy, especially if it be covered with a steel deck as shown 
in the diagram, that by estimating its value to the whole ship structure, it 
may be found to merit important consideration in the determination of the 
load line. See further remarks upon Shelter Deck Vessels, p. 127. 

The dimensions of this " three deck " vessel are : — Length between per- 
pendiculars, 443 ft. ; moulded breadth, 51 ft. 6 in. ; depth moulded, 33 ft. 
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3 in. ; 'tween decks, 9 ft. 4 in. Lloyd's 1st numbor is 108*55, and 2nd 

number 47,870- There arc 12*8 depths in the length. Some idea of the 

sizes of the material for such a vessel of the highest class (built in 1900) 

may be obtained from the following particulars : — 

The depth of the deep framing in lieu of the tier of widely spaced 

10-9 
strong bold beams is 10^ in., made up of angles - --- in thickness. 

Frame spacing, 26 in. 

The longitudinal stringer intercostal plates arc 20 in. broad x -J-J, and 
the bulb angles 9 x 3| x ^5.* 

Upper deck stringer plate 67 in. x 1 J for half length amidships to 
51 in. X ^ at ends. 

9 — 8 
Upper deck plating -^ 

„ „ beams, tee bulb, 11 in. x J J. 

Middle „ stringer 67 in. x IJ to 51 in. x .?fy. 

8 — 7 
„ „ plating -^ 

„ „ beams, 12 in. x H in., tee bulb. 

Shell plating. Sheer strake | in. ( + j."^, as part compensation for sheer 
strake doubling) to i^ at ends. 

Keel 1 in. ( + /^^ as part compensation for keel plate doubling). 

Garboard strake J in. (+/o ^ V^^^ compensation for keel plate 
doubling). 

Elsewhere, outside strakes - - -" — 

. ., 13-10 

„ msido „ — oj)-- 

11 -9 
Centre through-plate in double bottom 4«S x _-^--— . 

Floors y. 

Shelter deck Wj steel, or /,^ iron. 

„ beams, 8 x 3 x ./,j. l^ulb angles on every frame. 

Shelter deck side v.^ ( + ^ as part componssition for sheer strake 
doubling) to aV g^^^^- 

By reason of the extreme proportions, a dou})ling is re<iuired to the 
sheer strake for its whole width. This has been dispensed with, and 
compensation introduced into the upper side plating, as noted in brackets. 
Moreover, the shelter deck stringer plate has been made of exceptional 
strength — Jj^^^^* ^^^ ^^^^ same cause. 

In addition to the foregoing, /^ths are required upon the inside strake of 
shell plating below tlic sheer strake, and 0^0 ^^'^^ ^ ^^^^ upper deck stringer plate. 

It may again be pointed out, that in all vessels of full scantlings, and of 

* Or as an alternative and in many rosi>octs i>reforable method of cunstruction, 
increased depth of franiing with lighter side stringers might have been adopted. 
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Terj extreme proportions (Lloyd's say 13 depths in length^ a substantml 
erection (bridge) should cover the half length amidships. 

Spab Dbck Vkssils. 

First, of ordinary Rule Bequirements.— In spar deck vessels, the 
uppermost or Hpar deck is the strength deck, as in the case of " three deck " 
veHsels, and for the same reason. As we have previously pointed out, spar 
deck vessels are of lighter construction than vessels of the same dimensions 
built to " three deck " rule. 

These vessels require to have three tiers of beams, though, as shown 
for vessels of full scantlings requiring two and three tiers of beams, the 
lower tier may be dispensed with, providing that compensation be introduced 
in lieu of tlic same. 

Though a spar deck vessel may be of the same length and depth to spar 
deck as for a similar " three deck " vessel, both the Ist and 2nd numerals are 
conHidora]»ly less. The reason for this is, that the half girth and depth 
are taken to the main or middle deck instead of to the upper deck as in 
"throe deck" vessels, with the result that a much smaller Ist numeral is 
produced, which, multiplied by the length, gives a smaller 2nd numeral 
But tho proportion of depth to length is also taken to the main deck, and 
consequently, those vessels are of greater extreme proportions than the 
corresponding " three deck " vessel, which may mean considerable additions to 
structural strength.* However, as it is found that taking the depths to 
length to tho main deck would too severely penalise the spar deck vessel if 
the rule rc(juiremcnts for additional strength on accomit of extreme pro- 
portion were enforced, while the vessel has in reality the benefit of the depth 
between tho main and spar decks, a deduction of two depths is allowed. 
And thus a vessel of, say, sixteen depths to main deck in the length, would 
be considered in taking out her scantlings as though she were only of 
fourteen depths. 

In spar deck vessels, all the bulkheads required by rule extend to the 
height of tho spar deck. The spacing of the frames, and the scantlings of 
frames, reverse frames, thickness of bulkheads, depths and thickness of 
floors, size of bar and flat plate keels, stems, stern posts, keelson and 
stringer angles, constructive material in double bottoms, thickness of shell 
plating up to and including the main dock sheer strake, main and lower 
deck beams, are exactly tho same as are required for a " two deck " vessel of 
the same dimensions up to tho main deck. In short, the vessel up to the 
main deck is practically similar in construction to a " two deck " vessel, 
excepting that, in consequence of having so valuable an erection above the 

• In no case, however, does the structural material in the u])i>er parts of these 
vessels, and the number and thickness of steel decks, require to be in excess of that 
specified for the ** three deck " vessel of the same dimensions. In tho case of the bilge and 
bottom, extra strength is to be introduced strictly in accordance with the actual pro- 
portion of their len^h to depth to main deck. 
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main deck, which is not only an indispensable but also an integral part of 
the ship structure, a reduction of two depths is allowed in the proportion 
of depths to lengths, as just mentioned, which correspondingly affects the 
additions for extreme proportions. 

All the frames extend to the height of the spar deck stringer plate. 
The reverse frames should extend to the upper part of the frames and to the 
top of the angle bar on the main deck stringer alternately. In addition to the 
spar deck, these vessels must have a complete main deck laid and caulked. 

In present-day practice, the beams in spar deck are similar in scantlings 
to those of " three deck " vessels. 

While the plating immediately above the main deck sheer strake in 
spar deck vessels is less in thickness than the plating below, and thus 
considerably less than what would be required for a " three deck " vessel 
between the main and upper decks, it is found to be necessary, in order 
to provide structural efficiency, to increase the thickness of the topmost 
strake of side plating (the spar deck sheer strake). Hence we find in 
Lloyd's Rules that both a width and thickness are specified for the spar 
deck sheer strake according to the 2nd numeral. In order to exemplify 
the difference in thickness of the side plating between the main and upper 
decks in a " three deck " and in a spar deck vessel, it is found on referring 
to Lloyd's Rules, that where the former is 12, 13, and 14 twentieths in 
thickness, the latter need only be 9 twentieths. 

While the foregoing are the principal features in the construction of 
ordinary spar deck vessels, it will now be evident that their smaller numerals 
will in many parts cause a reduction in the scantlings of the material as 
compared with " three deck " vessels of the same dimensions. 

Second, Spar Deck Vessels in excess of Rule Requirements.— By 
carrying up all the reverse frames to the spar deck, and by introducing 
additional material in such localities as will undoubtedly increase the 
structural strength of the ship girder, concessions may be obtained in the 
matter of freeboard. Such additions to strength might be gradually made 
BO as to ultimately bring the ordinary spar deck vessel through every stage 
of structural strength, until an equivalent in strength to the " three dock " 
vessel of full scantlings is produced, and naturally, corresponding allowances 
in freeboard would be secured ; or, in other words, the vessel being now a 
"three decker," a "three deck" freeboard would bo assigned. 

The freeboard for a spar deck vessel is measured downward from the 
spar deck. 

The standard height of a spar deck 'tween decks is 7 ft. Should this 
height be exceeded or be less than the standard, a modification must be 
made in the freeboard assigned.^ 

• In $par decked steam vessels requiring not more than one steel deck, the wood 
"main deck" may be disjKjnsed with, provided the frames and reverscil fmmes bo of the 
nxes required for ** three deck " vessels, and all reversed frames be ex ten 1 d to the spar 
daek. A special freeboard may then be assigned. 
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Awning Deck Vessels. 

Structural Features. — In standard awning deck vessels, the main deck 
is the strength deck, it being assumed that damage to the erection above 
the main deck would not necessarily endanger the siifety of the vessel. 

The freeboard for standard awning deck vessels is measured from the 
main deck downwards. 

The 1st and 2nd numerals for awning decked vessels are obtained in 
the same manner, and are in every way identical with those of a spar 
decked vessel of the same dimensions to the main deck — the girth and 
depth being taken to the main deck. 

Thus, the frame spacing, the size of frames, reverse frames, thickness of 
bulkheads, depth and thickness of floors, size of bar and flat plate keels, stem 
and stem posts, keelson and stringer angles, constructive material in double 
bottom, thickness of shell plating from keel up to and including the main 
deck sheer strake, main deck beams, hold beams, are all exactly of the same 
scantlings as for a spar decked vessel of similar dimensions up to the main 
deck, excepting that the additions for extreme proportions, as we shall sec, 
will be more excessive than in the spar deck. Indeed, all the afore-mentioned 
scantlings are identical with what would have been required had the main 
deck been the upper deck, and the vessel, therefore, a simple " two decker." 

Although the awning deck erection, as originally understood, and as 
taken as the standard for this type in asi<igning a load line from the Board 
of Trade Freeboard Tables, is a comparatively light continuous super- 
structure from stem to stern, erected on the main deck, yet it affords both 
valuable reserve buoyancy as well as additional strength to the ship 
girder, and receives full recognition in this respect in the Freeboard Tables. 

The standard awning deck erection (Lloyd's 1885 Rules) being a light 
superstructure of much less structural value than the structure of the 
standard spar deck vessel above the main deck (though, recently, by 
requiring thicker side plating, the Board of Trade standard for awning 
deck vessels has been raised), it follows that vessels of this type depend 
principally for structural strength upon the material up to the main deck, 
and, in effect, come to be of more extreme proportions than the spar deck, 
and vastly more so than the " throe-deck " vessel. This fact must there- 
fore be taken into account for standard awning deck vessels, and the main 
hull strengthened accordingly. This is provided for by taking the ratio 
of length to depth strictly as obtained, that is, exactly as though the 
vessel were of "two deck" typo, the erection being entirely ignored. 
Thus, unlike the spar dock vessel, no reduction whatever is permitted in 
the proportions. Hence, more additional strength is introduced into the 
standard awning deck vessel, than into either a spar or "three deck" 
vessel of similar external dimensions. 

The increased scantlings for standard awning deck side plating just 
referred to was a very decided improvement in this type, for the original 
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awning deck erection was so light a superstructure that not unfrequently 
unmistakable signs of weakness in topside plating, awning deck stringer, 
etc., were developed. Moreover, the very extreme proportions which 
many of these vessels unavoidably reached, incurred the introduction of 
an enormous amount of additional material into the structure up to the 
main deck, in the form of doublings to main deck sheer strake and strako 
below sheer strake, main deck stringer, etc., until ultimately, with 
enlarged experience, it was found that such disposition of material in 
awning deck vessels did not produce the highest results in point of 
efl&ciency. It is not surprising, therefore, that a great change has taken 
place in the modem awning deck steamer, which, in construction, is 
practically identical with what is now known as the "shelter deck" 
erection. Or, perhaps it would be more correct to state that the 
structural requirements of the mcxiern shelter deck vessel (having 'tween 
decks exempt from British tonnage measurement) have correspondingly 
influenced the structural requirements for modern awning deck vessels, as 
the freeboard of these latter vessels limits the maximum freeboard allowance 
for shelter deck vessels. In brief, the modification in construction referred 
to lies in dispensing with the topside doublings required for the original 
awning deck vessel, and very materially increasing the thickness of awning 
deck stringer, side plating above main deck stringer, which includes the 
fitting of a substiintial sheer strake at the awning deck (no special sheer 
strako was required previously), and, moreover, in addition to the usual 
steel main deck, a steel or iron awning deck is generally required ; while for 
a " three deck " or spar deck vessel of identical external dimensions only one 
steel deck may be required. An examination of the comparative scantlings 
given on pages 121 and 122 will botttT illustrate the points mentioned. 

So that, while it is now extremely uncommon to find building a cargo 
vessel of the original awning deck standard — though purely passenger 
steamers are, of course, built to light scantlings which may approximate to 
the original stimdard awning deck with a substantial awning deck sheer 
strake, — it must be clearly understood that the modern type of strong 
awning deck erection, such, for example, as Lloyd's Registry specify in 
their rules, is entitled to such a freeboard as her strength in comparison 
with the standard awning or spar deck vessel would give to her, and not 
to the ordinary awning deck freeboard as obtained from Table C in the 
Freeboard Tables. As a matter of fact, the modern awning deck vessel of 
Lloyd's Rules very much more closely resembles a spar deck vessel in 
structural strength than a stiuidard awning deck one. 

It will thus be seen how inq)ossible it is to accurately judge of the 
structural worth of a so-called awning or spar deck vessel from the de- 
nomination given to it alone. So mixed are these types in the present-day 
practice of shipbuilding, that to possess full information of their scantlings 
is absolutely essential in order to assign to them their correct value. 

All bulkheads in awning deck vessels extend to the height of the main 
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122 STEEL SHIPS. 

deck excepting the collision bulkhead, which should reach to the height of 
the awning deck. All the frames extend to the awning deck stringer plate. 
All the reverse frames extend to the top of the angle bar which runs con- 
tinuously along the main deck stringer plate on the inside of the frames. 

The beams for the awning deck are less in size than required for a 
spar deck of the same breadth. For example, under a steel spar deck 
40 ft. in breadth, bulb angle beams 7 J x 3 x ^ would be required upon 
every frame, while for an awning deck of similar breadth, bulb angles 
6 X 3 X ^ would be sufficient. 

Awning deck vessels must have a complete main deck laid and caulked, 
and the coamings round all hatches, while of less height, should be built 
as though the main deck were the weather deck. 

The Table on pages 120 and 121 will give some idea of the comparative 
scantlings of a modern "three deck," a spar deck, and an awning dock 
vessel, as required by Lloyd's Rules. 

Modifications of Principal Types. 
Baised Quarter Deck Vessels. — See figs. 47 and 50. A considerable 
difiference exists between an erection called a raised quarter deck, and such 
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Fio. 50. * — Raised Quarter Deck Vessel. 

erections as complete or partial awning decks, poops, bridges, and fore- 
castles. Indeed, in the truest sense, a raised quarter deck is not an 
erection, but a bona-fide integral part of the ship's hull — the term " erection " 
being used for purposes of convenience. The raised quarter deck is in 
reality an increase in the depth of the vessel over part of her length — 
usually the after portion of length. The average height of a raised quarter 
deck above the main deck is about 4 ft., though it is sometimes of greater 
and often of less height. It will scarcely be necessary to say that the 
raised quarter deck erection is always an extension in the depth of the hull 
of the vessel immediately above the main deck, and is never found above 
spar or awning decks, where it would be practically useless. So valuable is 
the additional buoyancy provided by a raised quarter deck of standard height, 
that it receives as much credit in the assignment of the freeboard as would 
be given to a long poop erection of similar length, subsUintially closed with 
a bulkhead at the fore-end, and of at least 7 ft. in height.! 

The standard height for raised quarter decks is — 
8 feet for vessels up to 100 feet in length. 
4 „ „ 250 

6 „ „ 400 

Intermediate lengths in proportion. 

• The heavy black lines in figs. 50 to 55 divide the hull proper from the erections. 
t When the raised quarter deck is of less than standard height above the main deck, 
the allowance for freeboard suffers reduction. 
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While it is oustomary to speak of tho raised quarter deck being of a 
certain height above the main deck, it must bo clearly understood that 
neither decks nor beams arc fitted to the main deck immediately under the 
raised quarter deck excepting for a short distance (a few frame spaces) at 
the fore termination of the raised (juarter deck, or " break," as it is usually 
termed. What is really done is to interrupt the conthiuity of the main deck 
by lifting it up for part of its length to a certjiin heiglit, and then term the 
raised part a raised quarter deck. It is therefore constructed exactly as 
though it were the main deck carried continuously all fore and aft. 

The more detail work of obtaining an efhcient connection between the 
main and raised (quarter decks is dealt with a little later. It is customary 
to adopt raised quarter decks in one and " two deck " vessels — seldom in 
" three deck " vessels, and it may safely bo Siiid never when two laid decks 
are absolutely required. Perhaps tlie principal retison wliich led to the 
wide adoption of the raised (juarter deck tyiH) of vessel may be given as 
follows : — 

In comparatively small vessels — say up to al)out 250 ft. in length — it 
was found that when tho engines and boilers were ])Iaced amidships, so 
much hold capacity was lost owing to the space occupied by the shaft 
tunnel, in combination with the fact that most cargo vessels are designed 
with the after body somewhat finer than tho fore bcxly in onler to get a 
form of hull as consistent with speed rcfpiirementB as possible, that, when 
laden with homogeneous Ciirgo, to bring such vessels to a satisfactory trim 
was practically impossible — the tendency being to trim by tho head. By 
increasing the depth of the liokl sptux) abaft of the engines by raising the 
main deck (constructing a raised quartor deck), this objectionable feature 
was obviated. Thus, a vessel with a raised (juarter deck represents in some 
degree parts of two separate vessels united into one. The structure of that 
part without tho niised quarter deck is in strict accordance with what would 
be required for a vessel of the stinie dej)tli throughout to the main deck. 
In way of the raised quarter deck, however, all the frames extend to the 
raised quarter deck stringer plate. Tho alternate reverse frames extend 
to tho same height, while the intijrmediute reverse bars are carried to a 
height such as would be required for a vessel whose 1st numeral was 
computed by the depth and half girth being taken to the raised quarter 
deck. The construction of the raisal (juarter deck, as we have already 
stated, is a continuation of the main deck. While tho numl)er and 
arrangement of hold beams, l)eam stringers, and stringers in hold in the 
part of the vessel luicovered by the raised quarter deck is in accordance 
with the requirements for the depth taken to the main deck ; in the after 
part of the vessel, which comes in way of the raised quarter deck, these 
structural items are regulated by the depth which is now increased by tho 
height of the raised quarter deck above the main deck. It will thus be 
seen that the disposition of the sfcriugers below the raised c^uswc^AiT d&K^ 
mar d/lTer considerably from that in the other pari ol \XiQ Ncaai^ 
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*^ "^Lt^:f^:t tier of Ko*d l«« b«^ .quired, coo.^ 
t«o m the form of deep frmming. or web frmaie^ l« fitted in lieu thei^f 

>ow we Utb pteTkHBlT «en l«w highly important it b that th. 
cootinuitj of aU stnictnial strength shoold be rigorouslT maintained 
Hence, m Tesseb of this type, great attentioo must be bestowed upon 
the unioD of that part of the vessel covered bj the raised quarter deck 
and the tote length. This ts cffiected bj ov«lapping the main and raised 
quarterdecks for 2, 3. 4, or 5 frame spaces according to the size of the 
2nd numeral and the proportioBS of the vessel; while in the case of the side 
stringers, these also are overia^jed, or, in some instances, scarphed into one 
another. The overiapping lengths of the main and laised quarter dci^^ks are 
further blended together bj means of a number of fore and aft webs of 
plating caUed diaphragm plates.* 

In these vessels, the main deck sheer strake b usually carried 
continuouslj right aft to the stem, while the side fating above the 
sheer strake and in way of the raised quarter deck may be J^th of an inch 
less in thickness than the shell plating below, if such is ^^ths of an inch in 
thickness or more. 

As the stresses produced bj longitudinal bending moments are always 
severest wherever any sudden diminution or increase takes place in 
longitudinal strength, it is very important that special strengthening be 
introduced at the break, so as to blend, as it were, the strength of the 
raised quarter deck with its increased depth into the other length of the 
vessel. Hence it is usual to double part of the topside plating for a 
reasonable distance before and abaft of the "break." This doubling is 
usually fitted to the sheer strake, or when the vessel has a bridge house 
connected to the raised quarter deck, the better method is to double the side 
plating of the raised quarter deck for a similar distance. In any case, the 
raised quarter deck side plating must be strengthened in way of the break, 
and thus, if it is not doubled, it must be increased in thickness, in addition, 
of course, to the doubling of the sheer strake. 

The thickness of the bulwark plating should be increased at the ends 
of such erections, thus further tending to blend the strength of the one 
part into that of the other. Great care must be exercised in arranging 
the butts of the side plating and stringers in way of the break, and ample 
strength should be introduced into the butt connections, whether they 

* The length of these diaphragm plates is equal to the length of the overlap of the 
raised quarter deck over the main deck, and the width to the distance between the 
overlapping decks. The diaphragm plates should be well connected to these two decks 
by double angles. For such a vessel as illustrated in fig. 47 about four diaphragm plates 
would be required. 
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be strapped or overlapped. Usually all the butts are treble riveted 
in the principal structural parts in way of the break, and the thickness 
of butt straps increased. 

As the break bulkhead is a most vital part in the structure, it is 
essential that it be of satisfactory thickness (usually same as bridge side 
plating), well constructed, and connected and stiffened. To this bulkhead 
the raised quarter deck should be connected by means of double angles.* 

Though distinguished by the name "raisetl quarter deck" vessel, 
this type belongs to the "full scantling*' class, no such erection as a 
raised quarter deck ever l)eing built, as has already been stated, upon 
apar or awning deck vessels. They must therefore be considered upon 
this understanding. 

3faxtmum Strens. — Now, a severe stress for the material in a vessel 
of the spar or awning de<?k type is also a severe stress for one of full 
scantlings. The idea must not \)0 entertained that, because these types 
differ in their adaptation or efticiency for carrying deadweight, there 
is any varying degree of maximum stress to which they are respectively 
capable of being subject, when fully and properly loaded to their 
properly assigned load lines. Such an idea is erroneous. That is not 
the manner in which ships are designed and classified. Indeed, the 
absurdity of such an idea must be obvious after very little thought. 
The only intelligent and scientific methorl which can bo adopted in 
considering the deadweight carrying capacity of any vessel is to assign 
to her such a draught that, when fully loaded with a homogeneous 
cargo, the material in the structure subject to the greatest stresses — 
tensional, torsional, and compressive— will be able to endure the same 
without the possibility of rupture or distortion occurring, and also with 
no possibility of the material situated in any intermediate locality 
between the regions of maximum stresses collapsing. 

Thus, assuming that a "three deck," a spar deck, and an awning deck 
vessel were built to rule scantlings, and it were desired that, when 
each was fully loadwl with a homogeneous cargo, not more than 7 

• In order to obtain the minimum freel)oard for well-deck vessels, it is necessary : — 

1. When the crew is berthed in the forecastle, tliat the "well" Iwtween tlie bridge 
and the forecastle be bridged by a gangway siipixirted on stanchions (wliich inay he 
made portable if desin-d) so as to faeiliUte the i)assage of the sailors and firemen to their 
respective quarters. Where, liowever, the well is 80 feet or more in length, or the vessel 
is under 160 feet in length, the gangway just referred to is not required. 

2. That the engine and boiler oi)enings be protected and entirely covered by an 
efficient bridge house. 

8. That the total area of the freeing i>orts in the bulwarks in the well be sufficient 
to speedily rid the deck of water. This area is determined by the Board of Trade 
according to the length of the well. 

4. That in well deck vessels of the highest class having erections extending over 
iVths of their length, the bridge front bulkheads must ho specially strengthened and 
the hatch coamings at least 30 in. high above the deck, while in order to fac\l\t&\ft \\v« 
getting rid of seas ahipixxl inUy the well, the freeing jKirt area mu&l be % V^i ww\^ Vn 
t aftlut referred to in the foregoing jMiragraph (3). 
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tons stress per square inch of material should be experienced on the top 
of the upper deck sheer strake, it would follow, after the comparison 
we have made of the scantlings of these respective vessels (see table 
.on pp.121 and 122), that spar and awning deck vessels must have more 
freeboard than the "three deck" type, simply because the structural 
material is less in midship sectional area in spar and awning deck vessels 
than in the " three deck " vessel. A standard awning deck vessel would 
have still greater freeboard for the same reason. And with less sectional 
area of material in the midship sections of vessels of similar depth and 
breadth, and disposed according to the usual practice for these respective 
types, the moment of inertia must be less in the spar deck type, and 
least in the standard awning deck type as compared with the " three 
deck" type. And less moment of inertia with equal bending moments 
must produce greater stress. But this must be obviated of absolute 
necessity. Hence smaller bending moment is obtained by carrying 
smaller deadweight, which means less draught or more freeboard, and 
as a result we have the varying draughts of "three deck," spar deck, 
and awning deck vessels. 

However the design of a vessel may be altered, or whatever pecu- 
liarities may be introduced into her construction, she must finally, 
in receiving her statutory freeboard, come under such test as we have 
just described, and must satisfy that, with a fully loaded homogeneous 
cargo of a certain density, she is not unduly stressed, and that she 
possesses at least the minimum percentage of reserve buoyancy required 
by the Load Line Act, 1890. 

However (as we have shown in chapter v.), there is no such thing 
as a standard maximum stress for all types and sizes of vessels; for 
local requirements, especially as seen in small vessels, may demand certixin 
structural strength in order to resist strains apart altogether from those 
produced by longitudinal bending moments. Hence small vessels, when 
fully loaded, are rarely stressed beyond 4 or 5 tons per square inch, while 
large vessels may reach as much as 8 tons and over. 

In the Freeboard Tables and Rules fixed by Act of Parliament, and 
from which all assignments for British Load Line Certificates are made, 
the three types of vessels we have thus far considered — "full scantling," 
" spar deck," and " awning deck " — are aU that are mentioned for steam 
vessels. So that to what society's rules a vessel may be constructed and 
classified, or to what special design she may be built, it matters not. If 
she is required to have a minimum freeboard, she must belong, from a 
structural point of view, to one of these three types, or to some modification 
or intermediate grade between them, and upon the strength so ascertained 
will she receive her statutory freeboard. 

Deck Erections other than Awning and Eaised Quarter Decks. — 
Having noted the character and value of the complete awning deck erection 
from both a buoyancy and a structural strength point of view, and also 
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the raised quarter deck, which, it may not be unwiso to reiterate, is much 
more than an erection — or it may be still more correct to say that it is not an 
erection at all, but an integral and vital part of the vessers hull — we 
shall briefly examine the structural features and value of other erections 
which rank of less importance. Vessels having such erections may be 
described and iUiistrated as follows : — 

1. FarHal Atoning Deck Vessels, — With long raised quarter deck and 
partial awning deck covering the whole length. Sec fig. 51. 

After the description already given for raised quarter deck and awning 
deck vessels, little more needs to be said about this type. Such vessels 
are built to scantlings from numerals obtained by taking the girth and 
depth up to the main deck, the erections agreeing with the rule require- 
ments for raised quarter decks and awning decks respectively. The part 
awning deck erection, which, as has been shown, may be of comparatively 
light construction, is well suited for light cargo, such as cattle or even 
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Fio. 61. — Vessel having long raised Quarter Deck and partial Awning Deck together 
completely covering the whole length (with or without a poop). Known as 
partial Awning Deckers. 

passengers. It affords protection to the engine and boiler casings, and 
forms, with the raised quarter deck, a continuous erection providing valuable 
reserve buoyancy, for which due allowance is made in determining the 
freeboard. The main and raised quarter decks are scarphed (overlapped) 
and connected as for vessels with raised quarter decks connected to bridge- 
houses, except in the very smallest vessels, where a system of knee 
bracketing is sufficient.* 

2. Shelter Decked Vessels. — See fig. 52. 

The great development which has taken place in recent years in the 

• It may be pointed out that the Board of Trade Freel)oard Rules allow even a 
less freeboard in vessels of this typo than for standanl awnincf fleck vessels, if certain 
structural conditions are fulfilled wliereby the partial awning deck erection is brought 
up to a state of structural efficiency more in harmony with the strength of the raised 
quarter deck. It is also assumed that the partial awning deek covers the engine and 
boiler openings. These structural conditions, the rules state, must bo in accordance 
with the requirements descrilnjd in section 44 of Lloyd's Rules for the year 1889, and 
include increased thickness of side plating, stronger stringer plates, a steel or iron deck, 
and increased riveting in the side plating. Where, however, the ])artial awning deck is 
built to standard requirements for awning deck vtssels, the allowance for freeboard will 
be similar to that for a vessel with a complete awning deck. 
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cattle carrying trade is chiefly responsible for the evolution of the " shelter 
deck " vessel. This is usually a " three deck " vessel with a complete erection 
all fore and aft, entirely closed from the sea, with the exception that it is 
fitted with one or more openings through the shelter deck, which may 
extend from side to side of the deck, or simply be an opening resembling 
a hatchway, the coamings of which must not exceed 1 2 inches in height 
above the deck, and no permanent means provided for battening down the 
opening with planks. With such a deck opening or openings, it is evident 
that, in heavy weather, it is not improbable that, in shipping seas on deck, 
water may find its way into the 'tween decks between the upper and the 
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Fio. 52.— Shelter Decked Vessel. 
Note.— Dotted lines in Shelter Deck at A denote openings (not hatchways). 

shelter decks. Hence, waterports and scuppers are fitted in shelter deck 
spaces. 

A principal reason why this type of erection is generally adopted for 
the carrying of cattle is that all unenclosed space in a shelter deck 'tween 
decks is exempted from the gross tonnage of the vessel, while, according to 
its value in affording reserve buoyancy and strength to the ship as a whole, 
it receives considerable credit in the assignment of the freeboard. 
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Fio. 63. — "Well Deck Vessel, first tt/pe^ long j>oop and bridge combined 
and topgallant forecastle. 

Well Deck Vessel of second type is thxU previoicsly described and illustrated in 
figs. 47 arid 60. 

There are no definite niles for the construction of shelter dock erections. 
But, with the exception that the shelter dock is an erection upon a " three 
deck " vessel (in arriving at whose first numeral a deduction of 7 is made 
while no such deduction is made for the awning deck numeral), it is very 
similar in construction to the modem awning deck erection (see page 119). 
The shelter deck is usually of steel or iron. 

Against its value from a strength standpoint there is to be considered 
the diminished value of the buoyancy of such *twcen decks owing to the 
openings already mentioned. By fitting complete iron or steel bulkheads 
to the poop, bridge, and forecastle spaces in the shelter deck 'tween docks, 
its value as an erection is considerably enhanced. 

Well Deck Vessels. — With long poop and bridge combined^ and top- 
gallant forecastle. See fig. 53. 
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The particulars of the principal structunil features of such erections may 
be enumerated as follows : — 

(1) All frames extend to poop, bridge, and forecastle decks. 

(2) Poop and bridge beams of same size as awning deck beams. 

(3) Forecastle beams similar to spar deck beams. 

(4) Side plating of same thickness as required for awning deck vessels. 

(5) As the forecastle sides are particularly exposed to the full force of 
the sea, extra stiffiiess to the plating should be introduced, especially in 
large vessels. This may be done by carrying up the alternate reverse 
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Fio. 54. — Vessel with poop, bridgehoiise, and forecastle. 

frames, or by fitting a double angle stringer midway between the forecastle 
and upper deck. 

(6) The bulkhead at the fore end of the combined poop and bridge 
house should be of the same thickness as the side plating — the cotunings being 
^th of an inch thicker. This bulkhead should be well stiffened vertically 
with bulb plates and angles or channel bars or any other equivalent, spaced 
about 30 in. apart. These bulb stiflfeners should be thoroughly connected 
to the coaming plates and the decks between which the bulkhead extends. 
If these decks are not plated, athwart-ship plates should be fitted to their 
beams, so that an efficient connection by means of bracket knee plates may 
be effected. (See fig. 56.) 



^ 




Fio. 55.— Shade Deck Vessel 

The importance of this will be evident when it is remembered that the 
well between the forecastle and the bridge is especially subject to the incur- 
sions of heavy seas, which often dash furiously against the bridge front 
bulkhead, damage to which might seriously endanger the safety of the 
▼efeel should water find its way into the deck openings over the engine^ 
and boilers, which are enclosed by comparatively light casings. 

(7) Over and above any additional strength which may be required 
for extreme proportions, i.e. over eleven depths to length, necessity for 
increased topside and local strength exists where a considerable proportion 
of the length of a vessel is covered by a contiiuious erection extending two- 
fifths or more from either end of the vessel in the form of a combined fore- 
castle and bridge, or a combinefl poop and bridge ; or in the case of a ve8»&\ 
haTing a raised quarter deck, a combined poop and raised quait^T 4ccV aiA 
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bridge. Thus, in well deck vessels of this type, wherever these con- 
ditions exist, local strength to the topsides should be introduced by 
doubling or increasing the thickness of the sheer strake, increasing 
the thickness of bridge side plating, bridge stringer plate, and 
bulwark plating at the fore end of the bridge, and the bulwark 
rail should be efficiently bracketed to the bridge front. In any case 
the sheer strake should be doubled for about 20 feet at the fore end of 
the bridge, and the butt connections should be of exceptional efficiency. 

Vessel with Poopy 
Bridge, and Forecasae.— ^"^'^^^ 

See fig. 54. All the 
frames extend to the height 
of the stringer plate on 
the deck of each of these 
erections. In neither the 
poop nor the bridge is it 
necessary to carry any 
reverse frames above the 
upper deck, unless the 
'tween deck height of such 
erections be unusually 
great, when additional 
support would necessarily 
be required. In the case 
of the forecastle, whose 
sides are exposed to the 
full force of head seas, 
the necessity for ample 
strength and stiffening is 
evident. This can be 
obtained by extending the 
alternate reverse frames 
to the forecastle deck, or 
by fitting a double angle or 
tee bar stringer along the 

inside of the frames midway between the two decks. When these stringers 
meet at the stem bar, they should be connected by means of a plate 
bracket or breast hook. 

While the side plating of poops, bridges, and forecastles is usually 
comparatively thin, it may be advantageous in certain cases to increase 
the thickness of the forecastle side plating for the reason just given. 
A stringer plate is fitted to the ends of the beams on each of these 
erections. 

In determining the load line for vessels of this kind, an allowance 
is made for the erections strictly in accordance with the value of the 
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56. — Bridge front Bulkhead stitrened with 
Channel Bars. 
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6uo7anc7 which they afford. Thus, if the bridge be closed with a 
thoroughly efficient watertight bulkhead at the fore end, and the 
after end bulkhead be provided with efficient means for temporarily 
closing the opening or openings in it, should such exist, and the poop 
be closed with a bulkhead at its fore end, the allowance will naturally 
be more than would have been made had these spaces been open at 
the ends or pierced by alleyways or other iwrmanent openings. The 
bridge front particularly should have a good coaming plate well connected 
to the deck, and the stiflcncrs should be at least as large as the main 
frames, spaced about 30 in. apart, with bracket connections to the decks 
at their upper and lower extremities. 

Shade Deck Vesnels, — The principal function of a shade deck is to 
afibrd a shelter and provide a promenade for passengers. As the sides 
are open, the 'tween-deck space afFonls no buoyancy, and as the construction 
is usually of a very light chanicter, because of the light duty it has to 
perfonn in the economy of the ship structure, it is practically valueless 
in contributing to the general structural strength of the vessel. It should, 
however, be sufficiently strong for the purpose for which it is erected, so 
as in no way to endanger the lives of the passengers or crew. Such decks 
may be constructed in a variety of ways ; frame angles, tee bars, or round 
iron stanchions may be used to carry the shade deck beams, while the shade 
deck itself may be built of liglit beams with liglit stringer and tie plates 
upon which the wood deck is laid (see fig. 55). 

In a shade deck vessel, the sides may be open all fore and aft ; but 
when the sides are closed for any part or parts of the length, as in fig. 55, 
the value of such lengths in affecting the leadline would depend, first, 
upon the structural character of the vessel below the shade deck 'tween 
decks, and then, upon the nature of the erections themselves. 

Steel Sailing Ships. — Owing to the severity of the transverse stresses 
experienced by sailing ships, tending to rack and distort the form in that 
direction, additional transverse strength is introduced into large vessels 

(1) by carrying the reversed frames up to the gunwale on every frame, 

(2) by making the beams deeper than would be recjuired for steam vessels 
of the same size, at any rate to the lower and orlop decks. Special care 
should be taken in the formation of the beam knees. When the knees are 
not made of bracket plates, the beam ends should be turned down to form 
the knees as shown in fig. IGl. All beam knees should be three times the 
depth of the beam. (3) When no steel deck is fitted, there shoidd be, in 
addition to the fore and aft tie plates, diagonal tie plates laid upon the 
deck, so as to effectively transmit the severe stresses from the masts and 
the adjacent beams to the stringer plates. 



132 STEEL SHIPS. 



SECTION n. 

Description and Illustration of the Principal Structural Features, etc., of some Noted, 
and also some New Tyi>e8 of Vessels— **Lusi tan ia" and **Mauretania" (including 
Launching Particulare) — "CamiMinia" and " Lucania "—Turret Steamers — Trunk 
Steamers— Self-trimming Steamers ( Pries tman's)— Cantilever Framed Self-trimming 
Steamer — Some New Features in Modern Shipbuilding — Typical Steam Collier — 
Large Single Deck Steamer— Stringerless Typo— "C" Frame System— Oil Steamers 
— Water-ballast Arrangements. 

Thk "LUSITANIA" and "MAURETANIA." 

In 1905 the Cunard Steamship Co., Ltd., contracted with Messrs John 
Brown & Co., Ltd., Clydebank, and Messrs Swan, Hunter, and Wighani 
Richardson & Co., Ltd., Wallsend-on-Tyne, to build the two Atlantic 
express steamers, the " Lusitania " and the " Mauretania." The conditions 
imposed were such as to ensure their surpassing anything the world had 
ever seen in point of size and speed. Except perhaps in very minor details, 
the ships are identical. Naturally, for vessels so mucli in advance of 
anything previously built, and involving such enormous cost, a huge amount 
of preliminary inquiry and investigation was necessary, and prolonged 
experimental model tests were made in the Government Haslar experi- 
mental tank. 

It was finally decided that the vessels should be propelled by Parsons 
turbine machinery, and that the dimensions should be as follows : — 

Length overall, 787 ft.; length between perpendiculars, 760 ft. ; breadth 
moulded, 88 ft. ; depth moulded to shelter deck (" Lusitania "), 60 ft. 
4J ins.; ("Mauretania"), 60 ft. 6 in. to lowest part of sheer. Displacement 
at 33 ft. 6 m. draught = 38,000 tons. Maximum draught = 37 ft. 6 in. 
fc 45,000 tons displacement. The designed speed, 25 knots per hour. 

The "Lusitania" was launched on 7th Jime 1906, at which date the 
ship, including launching cradle, weighed 16,500 tons. The " Mauretania " 
was launched on 20th September 1906,. at which date the launching 
weight was 16,800 tons, including launching cradle. 

The Clyde-built vessel was completed and ready for her speed trials in 
July 1907, and the Tyne-built in September 1907. 

The nearest approach to these ships in size and speed is the German 
Atlantic liner *' Kaiser Wilhelm der Zweite." Her principal dimensions 
are: — 

Length over all, 706 ft. 6 in. ; length between perpendiculars, 678 ft. ; 
breadth, 72 ft. Displacement on 29 ft. 6 in. draught = 26,500 tons. 
Speed, 23 J knots. 

In 1893 the Cunard Co. broke all prcv\o\iB TOcoida b^ their splendid 
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snter ships, the ''Lucania" and " Cainpiinia.'' A coiupiirison of their 
principal particulars will aiford sonic idea of the gigantic advance in those 
new Tessels. See page 148. 

Mr W. J. Luke, naA-al architect to Messrs John Brown ^ Co., Ltd., 
Clydebank, in a paper* read before tlie Institute of Naval Architects 
in 1907, gives a description of the construction of the " Lusitania." By 
his permission, and also the consent of the Cunanl Co., many of the 
following details are obtained from this source. In describing the 
" Lusitania," it will bo nndcrsUxxl that, in the main, the siime particulars 
and details apply to her sister ship, the " Maurelania.'^ Tiio midship 
section, fig. 57, affords a good idea of the general system of construction ; 
but before proceeding to enter more fully into dotnils, it may bo of 
advantage to observe some features of paramount imiK:>rtance. In the first 
place, these ships are classed with Lloyd's, and built under their survey. 
It was, moreover, decided that the maxhnum stress upon the materials of 
the hull should not exceed al)out 10 tons i)er S(iuare inch, which calcula- 
tions were based upon the usually accepUnl conditions, viz., the ship u^)on 
a wave of her own length whose height from tn)ugh to crest ecjualled one- 
twentieth of the wave length. The calculated maxiuunn bending moment 
slightly exceeded one million foot tons, and the resultant stress under this 
condition is a hogging one, bringing the upptT works into tension. The 
oorresponding sagging stresses, iussuming a wave hollow amidships, 
amounted to only about one-half of this.t 

As is well known, the pmctice has always been to build mercantile 
steamers of mild steel having an ultimate tensile strength of from 28 to 
32 tons per square inch of sectional area. But to have obtained the 
required strength in the upjwr works of these mammoth vessels by employ- 
ing ordinary mild steel, would have entailed the use of such extremely 
thick side and shelter deck plating and doublings, as t-o have involved less 
efficient riveting, owing to the size of rivets re<piire(l, and the great total 
thickness (at least three-ply) to be riveted through. The builders, there- 
fore, determined to use high-tensile steel in these uj)per parts, having an 
ultimate tensile strength of from 34 to 38 tons, an increase of 20 j)er cent. 
over mild steel — this steel, however, to be able to sUmd all the usual 
mechanical tests applied to mild steel. As a conse^pience of the juloption 
of high-tensile steel in the parts hereafter enumcnited, obviously, it was 
found permissible to reduce the scantlings of certain j)arts 10 per cent. 
from the scantlings required had mild steel been adopted. This contributed 
in no smaU degree to more eiilcient workmanship, owing to lesser thick- 

• ''On Some Points of luterest in Connection with the Design, Building, and 
Lumching of the 'Lusitania.'" 

t The calculated moment of inertia in units of square inches by feet, in round 
nmnberi, is 3,410,000, and the bending niuniciit in the condition when entmng iK>rt, 
1,020,000. The coustyiifut stress jwr stiuan- inch ou the shelter dock — in extension — is 
IQ^/aiu^ Mod the compressive stress ou the keel 7 8 tons. 
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nesses of plating, and, consequently, smaller rivets being used. More than 
this, a considerable saving in weight was effected. Fig. 59 is an elevation 
showing the area covered by high-tensile steel plating on the topsides, and 
also the extent of the doublings upon such plating. 
All rivet holes through the high-tensile steel were 
drilled. 

Details of CoDBtruction. — Frames. — The frames 
above the tank margin plate, and extending con- 
tinuously to the shelter deck, are formed of 
channels 10'' x fj' x 4' x 4" x |^' for three-fifths 
length amidships, reduced to 9 in. depth at the 
ends, t.0. the transverse web of the channels is 
JJ in thickness, and the 4 in. fore and aft flanges 
ff, which materially increases the moment of 
inertia (or stiffness) of the frames. The transverse 
framing is further assisted by broad web frames 
averaging four frame spaces apart. The frames 
are spaced 32 in. apart for about 300 ft. of the 
length amidships to 25 in. apart aft, and 26 in. 
apart forward, the closing in of the frame spacing 
being gradually performed. 

The Double Bottom. — The floor plates are 60 in. 
in depth at amidships, and at the tank margin 
plate they are 48 in. wide. The spacing of the 
floors is, of course, similar to that of the frames ; 
their thickness is ^ in., excepting imder the boiler 
stools, where they are -^ in. thicker. The frames 
and reverse frames inside the inner bottom are 
joggled to avoid the necessity for slip or packing 
iron. The centre keelson is a continuous longi- 
tudinal girder 60 in. in depth, and 1 in. in thick- 
ness amidships. All the other fore and aft girders 
within the double bottom are intercostal between 
the floors, excepting the fifth one on either side 
from the centre keelson, i.e. E girder, fig. 58, 
which also is continuous. Consequently, the floors 
are in one piece from centre keelson to E girder, 
and from E girder to margin plate. The centre 
keelson is the only girder within the double bottom, 
which is watertight. As may be expected, addi- 
tional longitudinal girders of increased height and 
stiffness are introduced under the engines. 

The outer bottom plating is entitled to special mention. The keel is 
of the flat plate type, and is made up of three thicknesses (see fig. 58). 

The plates making up the keel are at least 32 ft. long, with carefully 
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FiQ. 60. — Storti View of * M*ttretftni** before Lautjclutig. 
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shifted butts, and the whole is hydraulic riveted. The combined thick- 
ness is Sw^jy in. The inner keel plate is dispensed with Iwyond the three- 
fifths length amidHhips. The garboanl inner edge is fitted between the 
inner and outer keel plates. In order to enHure the most efficient work- 
manship, only the inner plate forming the keel was punched before being 
erected in place ; the holes in the two outer layers of plating were drilled 
after being lifted into position. All rag edges were c^arefully removed by 
riming before the work of riveting was proceeded with. No butt straps 
are fitted to keel butts. Practically all the rivethig in the liottom plating 
to the turn of the bilge is done by hydraulic i)<)wer. This accounts for the 
apparent narrowness of these bottom st rakes, and the fact that, for 
OOnTenience in hydniulic riveting, the strakes are worked clinker fashion. 
The garboard strake is Hq in. in thickness at amidsliips, reduced to i^ in. 
at ends, while the remaining outer ]M)tt^)m strakes, 1$ to N inclusive, are 
•^ in., reduced to l^ in. at ends. The riveting in the edges or seams is 
doahle, and at the butt« double straps are fitted, with double riveting in 
tlie outer, and treble in the inner. The inner bottom plating is of necessity 
hand-riveted. For scantlings, see midsliip section, fig. 57. 

Shell Plaiiwj ahnni Bihje. — The length of tlie sliell plates is generally 
about 12 frame spaces (33 ft.); thi^ edges are treble riveted, while the 
butts are overlapped and (quadruple riveted. Strakes to T (see midship 
flection, fig. 57) are of mild steel 1 in. in thickness at amidsliips, and 
reduced to i§ in. at ends. Strakes U to V, with their doublings, are all 
di high-tensile steel. (See midsliip section for thicknesses ; see also 
fig. 58.) In way of all doublings, the riveting is wrought by hydniulic 
power. The edges are treble riveted, and the butts of the doul^le strakes 
are strapped outside and inside at the butts of the outside plates, the 
outer strap Uiking three rows of rivetii, and the inner straps taking four 
rows. The butts of the insi<lo strakes are straj)ped on the inside and 
quadruple riveted. All rivet holes in the high tensile steel are drilled, 
and the holes carefully cleared to ensure the bearing surfaces coming hard 
up to each other. 

Decks and Beams, — There are four coiu[)lete steel decks laid \\\Kn\ 
channel beams fitte<l to ev(;ry frame. The most important structural deck 
is the shelter deck. Here the beams are 10 in. in depth by jj in. in 
thickness, while the horizontal ilanges are each 4 in. by Jjj- in.; these 
beams are reduced in scantling towards the ends according to span. The 
shelter deck stringer and two adjacent strakes of deck plating are of high- 
tensile steel, and doubled as shown upon the midship section, where thick- 
nesses also are indicated. The remainder of this deck plating is of mild 
steel. The whole of the deck where doubled is hydraulic riveted. 

The upper and main deck beams are exactly similar in scantling to 
those of the shelter deck. The upper deck stringer and two adjacent 
strakes are of high-tensile steel; the remainder of the deck is of mild steel 
}g^ in. in thickness. The upper deck stringer is hydraulic rivetetl. The 
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main and lower deck stringers and plating are all of mild steel, while the 
lower deck beams are of somewhat lighter scantling (see midship section). 

The profile, fig. 58, shows the arrangement of the decks in the 
" Mauretania." 

Above the uppermost complete steel deck, there follow the promenade 
and boat decks respectively. 

Owing to the light character of the scantlings of the erections above 
the shelter deck (strength deck), the promenade and boat decks have each 
been provided with three expansion joints, to prevent heavy stresses 
coming upon these light decks in a seaway. Otherwise, damage from 
severe straining might easily, and would probably, accrue. A sketch of 
one of these expansion joints is shown in fig. 61. They are covered by 
brass plates extending across the deck, and made watertight inside the 
houses by a leather strap Where the underside of the deck is exposed to 
the weather, an open channel scupper is fitted in lieu of the leather. 
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Fig. 61. — Section through Expansion Joint, '' Mauretania." 

When the expansion joint comes in way of a steel deckhouse, the sides 
of the hoiise are severed, and a corresponding free, overlapping, weather- 
proof joint is fitted. 

Bulkheads, — The principal transverse watertight bulkheads are built of 
high-tensile steel, stiffened as indicated upon the midship section. The 
watertight subdivision of the htdl is greatly increased, and the longitudinal 
strength augmented, by the longitudinal bunker bulkheads which are 
connected to two engme-room longitudinal bulkheads, forming continuous 
fore and aft girders (see midship section, fig. 57). 

The " Mauretania " has twelve principal transverse bulkheads, as shown 
in the elevation and plan, fig. 58. In addition, numerous intermediate wing 
bulkheads are fitted in the side bunkers and in the various 'tween decks. 

The elaborate subdivision by watertight bulkheads and decks produces 
altogether no less than 175 watertight compartments. 

This transverse watertight bulkhead subdivision is in excess of the 
Bulkhead Committee's recommendations, investigation having proved that 



TYPES OP VESSELS — SECTION II. 



»37 



with any two adj<nniiig compartments of the ship billed, the mai^ini of 
absolute safety remains veiy considerable. 

Fig. 62 shows the scantlings of one of the transverse bulkheads* though 







Fio. 62.— Bulkhead Stiffening, "Maurotania." 

in some details it does not accurately represent an actual bulkhead. For 
example, passages which had to bo made between the various l)oilor-room 
compartments, with watertight doors, are not showu. Those doors aro 
fitted with the Stone-Lloyd system of closing, by which luojins they aro 
all under control, and can be closed in a few seconds from the captain s 
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bridge. The system is worked by hydraulic power, two special pumps 
being fitted in the main engine-room for this purpose. 

In addition, these transverse bulkheads are necessarily perforated by 
steam pipes, etc., which also require watertight fittings. 

Stem, Stem Frames Rvdder, etc, — Fig. 63 illustrates the steel stern 
frame and bracket castings of the " Mauretania," which are a most 
important part of the structure. Their design and connection to the hull 
are clearly shown in the diagram. The two after spectacles are riveted to 
the stem frame, and the two fore or outer ones secured to the framework 
of the hull. 

An idea of the large scale upon which these castings had to be designed 
may be obtained from the following table of weights : — 



Weight of Stem Castings. 



Main portion of stern frame 
Upper „ „ 

After brackets, each . 
Forward brackets, each 
Heel casting . 



48 tons. 

6 „ 
23-5 „ 
24 „ 

9 „ 



These were all made by the Darlington Forge Co., Ltd., who also made 
the stem bar, weighing 8| tons. The latter is of forged ingot steel, 
rabbeted to take the shell plating, and connected by a steel casting to the 
centre keelson and the keel of the ship. The rudder, which is of the 
balanced type, is made up of three separate steel castings connected by 
horizontal flanges, heavily bolted. There is, in addition, the forged ingot 
steel rudder head, 25| inches in diameter. The rudder has an area of 
420 square feet, and weighs, including the rudder head, 63| tons. 

There being only one gudgeon on the stem frame, the pintle had to be 
made of very large size. Its weight is over \\ tons. By the ingenious 
arrangement shown in fig. 63, it is possible to withdraw the pintle and 
replace the castings without disconnecting any part of the rudder or the 
steering gear. 

The after steering gear is below the designed load line. 

Bilge Keel, — The bilge keel is of the Admiralty pattern, and projects 
3 feet from the bilge ; see detail sketch, fig. 64. 

Launching Particulars. 

The launching of these vessels established a record, not only for 
dimensions of ship, but for weight of material transferred from the stocks to 
the water. A very useful and interesting description of the launch of the 
"Mauretania" is given by Mr H. Bocler, of the staff of Messrs Swan, 
Hunter, and Wigham Richardson, Ltd., in the spring number of the Shiji- 
builder for 1907. Permission to reproduce the excellent sketches and 
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photographs, and the information, was readily granted by the editor, 
Mr A. G. Hood, for this work. The following particulars, except where 
otherwise stated, are obtained from this source. Naturally, the fullest 
and most careful investigation was necessary in the launchmg of both 
vessels, for in neither case was the waterway unrestricted in extent. 
Indeed, the Tyne opposite the yard of Messrs Swan, Hunter, and Wigham 
Richardson, Ltd., is only 785 feet wide ; but three years ago, in order to 
be prepared to undertake the construction of vessels of the largest size, 
two berths in this yard were laid out at such an angle to the river that 
a clear run of nearly 1200 ft. is available for launching, as shown in 
fig. 65. Fig. 66 shows the piling of the ground, consisting of 13 in. 
baulks of timber, driven 30 to 35 ft. into the ground, and upon these 
piles, every 4 ft. apart, transverse 13 in. baulks are laid for carrying the 
keel blocks and launching ways. 

After making preliminary launching calculations, it was decided to 




Fios. 64 A and B.— Bilge Keels of " Mauretania *' and " Lusitania.** 

A. — *• Mauretania *' bilge keel 3 feet in. in depth from bilge to extremity. Triangular 
space within bilge keel filled in with wood. Red lead injected between plate and 
wood. 

B. — " Lusitania" same as ''Mauretania," excepting that a bulb-plate is fitted at the 
extremity of the bilge keel. 

lay the keel with a declivity of J in. to the foot, with a minimum height 
of about 5 ft. 6 in. above the groimd. This height was pnustically con- 
stant from aft to amidships, owing to the ground having the same 
declivity; but forward of amidships, as the declivity of the ground 
changed to f in. per foot, it gradually increased to 8 ft. 6 in. at the fore 
poppet (see fig. 67). The keel blocks wore built as shown in fig. 66, B, 
and were placed in groups of five, about 12 in. apart, with 3 ft. intervals 
between the groups. The cap blocks were of oak, 12 in. by 8 in. The 
weight of the ship was further supported while under construction by four 
rows of shores on each side of the centre line, spaced two frame spaces 
apart, and by bilge blocks at intervals of about 50 ft. 

Before commencing to lay the launching ways, the probable minimum 
depth of water upon the intended launching day was estimated from the 
tide tables, and complete calculations made to investigate the effect of 
differences in the declivity and camber of the launching ways and the 
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extension of the ways into the water, upon the moment against ttpp 
the Tnf^x'pr^""^ pressure upon the after end of the ways before lifting, 
the pressure upon the fore poppet when lifting. Guided by these calc 




tions, it was decided to end the cradle 64 ft. aft of the fore perpcndicn 
and to extend the ground or fixed ways 30 ft. beyond the normal quay \ 
making their line aft of the after perpendicular 98 ft., so that the t 
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length of ground ways 
was 794 ft The ground 
between the ways was 
out away, as shown in 
fig. 67, in order that the 
vessel's fore foot should 
not strike the groimd 
when dropping ofif the 
ways. The ground ways 
were laid with a camber 
of 21 m. in their full 
length, and a mean de- 
clivity of i*y in. per foot. 
The distance between 
the top of the groimd 
ways and the bottom of 
the ship at the closest 
point forward was about 
1 ft. 2 in., and the dis- 
tance between the top 
of the ground ways and 
the ground at the closest 
point aft was about 1 ft. 
1 in. The mean de- 
clivity of the sliding 
ways was slightly over 
^ in. per foot at the 
start Both the sliding 
and the ground ways 
were 6 ft wide on each 
side, and spaced 25 ft. 
apart centre to centre. 
The sliding ways had a 
bearing length of 635 
ft, so that the bearing 
surface amounted to 
7620 square feet, and 
the mean initial bearing 
pressure per square foot 
on the ways to 2*20 
tons. 

The distance the 
ground ways were 
carried aft of the vessel's 
stem post was consider- 
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ably proater than required for providinpj the usual margin allowed in the 
fnomf7it againnt iippirnj ; but this was done in order that the pressure 
on the after end of the ways and the vessel's floors and bottom l)efore she 
was waterborno should not be excessive. The curve showing this pressure 
in fig. 68 has been calculated on the assumptions that the vessel was 
in equilibrium at any instant and did not deflect, the ways being con- 
sidered perfectly elastic when compared with the rigidity of the ship ; and 




Fig. 68. 



the values there shown are a fairly correct relative measure of the intensity 
of pressure when compared with data for other vessels calculated on the 
same assumptions. 

In order to fulfil the condition of equilibrium, the weight of the vessel, 
W, must be equal to the sum of the buoyancy of the water displaced, D, 
and the reaction of ways, R, i.e., 

W = R + D; 
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and the moment of the force D about an axis through the vessel's centre 
of gravity, G, must be equal to that of the force R about the same axis 
(see fig. 69), *.«., 

DxYX = RxYZ. 

Aa the line of action of the force R docs not 
pass through the centre of contact between 
the sliding and standing ways, the intensity 
of pressure upon the ways is not uniform, 
but^ with the assumptions mentioned before, 
yaries at a uniform rate and may be repre- 
sented by a straight line, the diagram of 
pressure taking the form of a triangle or 
trapezoid, LMN, as in fig. 69, whose centre 
of gravity corresponds in longitudinal posi- 
tion with the line of action of R obtained by 
the equation of moments. 

Referring to fig. 68, it will be seen that 
the minimum moment against tipping was 
about 420,000 foot tons, and the maximum 
pressure upon the bottom of the vessel 
before lifting about 9 tons to the square 
footi ^th occurring when the vessel was 
about half launched. The floors and tank 
girders were strong enough to withstand 
this pressure without the aid of any shoring 
between the shell and tank top. The 
greatest draught aft of the vessel before 
lifting was about 33 ft., and with this there 
was an ample margin between her keel and 
the river bed, as may be seen from fig. 65. 

The ways were of pitch pine, except the 
forward length of the sliding ways and the 
after length of the ground ways, which were 
of oak, and consisted of the usual yard size 
of way, with extra Vialks bolted on to nuiko 
up the 6 ft. of widtli re^piired, the whole 
being bolted together by through bolts alx)ut 
8 ft. ajMirt. Instead of using the usual elm 
rubber, spiked and Ix^lted to the outer edge 
of the ways, the outer balk was 2 in. thicker 

than the others, thus forming a strong guide 2 in. deo|), as shown in 
section of ways in fig. 66, A to D. The average length of the balks 
forming the ways was about 35 ft, the butts being cormectAjd by .V in. iron 
straps, with two through Iwlts at each side of tiie butt. Two butts on 
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each side were left loose, so that the ways could be removed in three 
portions after the launch, the necessary ropes for this purpose being 
connected to eycbolts on the ways. The ground ways were supported 
against any pressure forcing them outwards at the after end by side shores 
buried in the ground outside the ways, and by angle stays and brackets 
between the ways, as may be seen in fig. 67. The after cradle was formed 
by vertical timbers, held in place by a large angle bar riveted to the shell, 
as shown very clearly in fig. 70 and in the section in fig. 66, A. The after- 
most poppets being slightly inclined inwards, three large balks were 
carried from side to side to prevent spreading. 

The design of the forward cradle required special consideration on 
account of the thrust it had to bear when the vessel lifted, which occurred 
when she had still about 200 ft. to travel on the ways. The estimated 
value of this thrust equalled about 3700 tons, gradually reducing to 1600 
tons when the vessel dropped off the ways. The arrangement of the 
cradle, which was formed by vertical timbers with fore and aft ties on the 
sides, is clearly sliown in fig. 71 and in the sections fig. 66, C and D. The 
only improvement which might be suggested in future cases would be the 
provision of some extra diagonal ties. Owing to the extreme fineness of 
the ship, it was necessary to attach a strong shelf plate to the shell, 
supported by bracket knees, to form a bearing surface for the vertical 
timbers of the poppet. Even with this arrangement, the foremost timbers 
were slightly canted inwards. To prevent undue pressure coming upon 
the lip of the ways owing to the canting of the poppet, four 2 in. tie rods 
were fitted, as shown in fig. 66, C, with an arrangement of pins, etc., 
intended to disconnect the two portions of the cradle from each other after 
the launch. Two shores were also put in on each side from the keel to the 
lower part of the fore poppets, to prevent the latter canting outwards at 
the head, in the event of the vessel being slightly slewed by wind and tide 
before the fore end was waterlx)me. To facilitate as much as possible the 
distribution of the thrust over the whole of the shelf plate, a layer of soft 
timber about 14 in. thick was fitted between the vertical timbers and the 
sliding ways ; but in order that there might be no chance of the brackets 
giving way, the foremost five on each side, or ten brackets altogether, were 
made strong enough to stand alone the maximum pressure of 3700 tons, 
the brackets having double connections to the shell as shown. In addition, 
four large 3 in. round stays were carried from side to side under the keel 
(see fig. 66, C), each having a nut on the top of the shelf plate and a 
bolted palm at the keel. No internal shoring was fitted in way of the 
poppet, as the framing supported by the stringers and web plates was quite 
strong enough to bear the thrust, while there were complete bulkheads 
at the ninth and thirteenth brackets from forward. Aft of the shelf plates, 
the poppet timbers were held in position by chain lashings, and by narrow 
plates with angle bars attached, fitting closely against the shell seams, as 
shown in fig. 66, D. The driving wedges were of red pine about 7 ft. 6 in. 
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long. In way of the vertical timbers at the fore and after poppets, they 
were double, 9 in. by 3 in. Amidships, only single wedges, 11 in. by 
4 in., were used. Ramming up, to take the weight of the ship from the 
keel and other blocks on to the launching cradle, was commenced the day 
before the launch. 

The lubricant applied to the ways consisted of tallow, train oil, and 
soft soap, the total quantities used being about 290 J cwt. of tallow, 113 
gaUons of train oil weighing 12 J cwt., and 22 cwt. of soft soap. Pure 
tallow was applied first } in. thick on the ground ways and somewhat 
thinner on the sliding ways, then a mixture of tallow and train oil, and 
finally soft soap in blobs. As the total gre^ised area of ground and sliding 
ways equalled 17,150 square feet, the quantities used per 100 square feet 
were as follows: — Tallow, 190 lbs.; train oil, 8 lbs.; soft soap, 14j^ lbs. 
The tallow, etc., was put on the sliding ways from underneath by brushes, 
the ways being alongside their correct positions, so that they could be 
moved straight into place after coating. The temperature of the atmo- 
sphere on the day of the launch was 6V F. 

After the keel blocks were knocked out (which occupied about 25 
minutes), the vessel was prevented moving by eight triggers placed four 
abreast, the forward set being 180 ft. aft of the poppet, and the second set 
139 ft. further aft, as shown in fig. 67. The design of the releasing gear, 
which is shown in fig. 72, is similar to that used for all launches at 
Wallsend, and may be dc8cril)ed as follows. When the clip L is pulled 
back by the rod R, worked from the bow of the vessel, the casting M falls 
down sideways and tlie trigger N drops down, leaving the vessel free to 
move. The rods from each pair of triggers were led to the bow and 
connected to a crank, which was turned by hydraulic power, as shown in 
fig. 73, thus releasing all sinuiltaneously. When each trigger moved, an 
electric connection was broken, putting out an incandescent lamp at the 
bow to show that all was clear. The vessel commenced to move immedi- 
ately the triggers were released. In case she had not started promptly, 
hydraidic rams of 400 tons pressure were fitted at the bow on each ground 
way, but their use was not re<iuired. 

To bring the ship up after leaving the ways, six sets of drags were 
placed on each side, connected to eye-platos on the vesseFs shell by 8 in. 
steel wire hawsers. The eye-plates were fitted against butts of the shell 
plating to secure additional sup^wrt, as shown in fig. 74. Ten of these 
drags consisted of chains, each heap weighing about 80 tons, and two of 
armour plates (see fig. 67) weighing about 100 tons each, the total weight 
of the drags l)eing 1015 tons. The chains were laid out in the form of a 
square, and the connecting strap was carried round the forward* portion of 
the heap, so that the chains had to be pulled over before being drawn out, 
thoB putting on the load gradually. The first drag came into action about 
30 ft. before the vessel left the ways, and the last 90 ft. after the vessel 
left the ways. The position of the drags before and after the launch 
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is shown in fig. 67, 
the mean distance 
dragged for the total 
weight being about 
100 ft. 

With a view to 
assist in keeping the 
vessel's stem up the 
river as she stopped, 
a wire rope was led 
from the after end to 
an anchor buried in 
the mud where shown 
on fig. 65. This rope 
became taut when 
the ship left the 
ways and dragged 
the anchor 120 ft. 
This check, however, 
had practically no 
turning effect upon 
the vessel until she 
had nearly stopped. 
An anchor was also 
dropped at the stem 
to assist in prevent- 
ing the ship coming 
back too near the 
ways and quay. The 
weather conditions 
were favourable for 
the launch, there be- 
ing only a slight wind 
on the starlx)ard side 
of the vessel. The 
launching speeds 
were taken by inde- 
pendent observei's, 
with stop watches, 
timing marks on the 
vessel, and also by 
means of a cord un- 
wound from a drum 
at the bow of the 
ship. The results 
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obtained agreed very well, and from them the curves of fig. 68 have been 
plotted. From these it will be seen that the total time from the releasing 
of the triggers to the time the vessel was pulled up was 70 seconds, and the 
maximum velocity attained was 23 J ft. per second, or 14 knots an hour. 
Six tugs were in attendance, and quickly moored the vessel in the position 
arranged for opposite the yard, thus bringing to a successful conclusion a 
launch which will always remain memorable in the annals of shipbuilding. 
To facilitate reference, a summary of the launching particulars is given 
in the following table ; and where known the particulars of the " Lusitania " 
are given alongside for comparison : — 

Name, ..... "Mauretania.** 



760 ft. Oin. 
88 „ „ 
20th Sept. 1906, 4.15 p.m. 
Light N.E. 
64" F. 
Forward, 11 ft TJ in.; 
aft, 21 (t 4^ in.; 
mean, 16 ft. 6 in. 
Weight of ship and launching cradle, . 16,800 tons 



Length II.P., . 

Breadth, extreme, 

Date of launch, . 

Wind, . 

Temperature of atmosphere, 

Draught, • • • 



"Lusitania.*' 
760 ft. in. 
88 „ „ 
7 th June 1906 



Forward 18 ft. 11 in.; 
aft, 18 ft. 9 in.; mean, 
16 ft 4 in. 

16,500 tons 



Centre of gravity of vessel, 

Water over way-ends, . 

Declivity of keel. 

Declivity of ways, mean, 

Declivity of ways at start. 

Camber of ways, . 

Standing ways abaft A. P. 

Standing ways abaft F. P., 

Sliding ways, total length, 

Distance apart of ways, centre to centre, 

Width of ways, .... 

Area of bearing surface, . 

Mean Initial pressure per sq. ft of 

bearing surface, 
Maadmum pressure on the after end of 

ways per sq. f t , 
Minimum moment against tipping. 
Greatest draught aft before lifting. 
Lifting point from way -ends (statical), . 
Pressure upon fore poj)pet at lifting j)oint. 
Pressure upon fore poppet at way ends, . 
Number of drags on each side, . 
Total weight of drags, . 
First drag acted before vessel left ways. 
Sixth drag acted after vessel left ways, . 
Total distance travelled, 
Bow of vessel from way-ends when she 

•topped, .... 

Total time of launch, 
Time for 6 ft travel from start, . • 



27 ft in. aft of amidships 16 ft in. aft of midshipa 



7 ft 7 in. 

•494 in. per ft (A in.) 

664 „ (A „ ) 

•545 „ (ii „ ) 

21 in. in 794 ft in. 



8 ft in. 
A in. 

ToTT >» 

16 in. in 795 ft 6 In. 



98, 

64 : 

635 

25 

6 



0, 
0, 
, 





84 

49 

653 

25 

6 



7620 sq. ft 

2-20 tons 

about 9 tons 

420,000 foot tons 

83 ft in. 

. 209 „ „ 

3700 tons 

1600 „ 

6 

1015 tons 

33 ft. in. 



7844 sq. ft 

2 tons 

10 tons 
415,000 foot tons 



8 
1000 tons 



87 
951 

93 



„ „ 
>. „ 

,. o„ 

70 sees. 

7 „ 



110 ft in. 
86 sees. 
Time for 1 ft travel from 
sUrt = 22 sees. The 
average speed after this 
was 12*2 ft per see. 
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** Mauretania." ** Lusitania.*' 

Time for 794 ft. travel from start, . 55 sees. 

Maximum velocity, 23 6 ft. per sec. — 14 knots per hour 
Maximum velocity attained after vessel 

had travelled, . . . . 480 ft. in. 

Maximum acceleration, . . . *87 ft per sec. 

Maximum acceleration attained after 

vessel had travelled, . . . 150 ft. in. 

Mean coefficient of friction for the first 

200 ft of travel, . . . '0232 

Vertical fall of vessel's centre of gravity 

from position on the stocks to position 

when afloat, . . . . 83 ft 6 in. 

"CAMPANIA" AND "LUCANIA" (sec figs. 75 and 76). 
Among Transatlantic liners the twin-screw steamers " Campania " and 
" Lucania " — sister vessels — belonging, like the two previous vessels, to the 
Cunard Steamship Co., Ltd., though built in 1893, still hold a front-rank 
place as fine specimens of naval architecture. They were built by the 
Fairfield Shipbuilding and Engineering Co., Ltd., Glasgow. Particulars of 
their principal dimensions, etc., are as follows : — 



Length over all, 






622' 


6" 


„ between perpendiculars. 






600' 


0" 


Breadth extreme, 






65' 


3' 


Depth moulded to upper deck, . 






41' 


10" 


„ to boat deck. 






59' 


6" 


About 14 depths in length. 










EngiTies — Twin screw. Ten cylinders. 










4 high-pressure cylinders. 




. 


37 in. 


diam 


2 intermediate „ . 




, 


79 


)) 


4 low-pressure „ . 




. 


98 


» 


Stroke ..... 




• 


69 inches. 


Boilers — 12 double ended, 17' 6" diameter x 


18' 


9' 


long. 




1 single „ 


10' 


9' 


» 




1 donkey boiler, IT „ 


9' 


3" 


»» 





Natural Draught, 
Total number of furnaces, 102. 
Working steam pressure, 165 lbs. per square inch. 
Indicated horse-power on trial, 31,000. 
Speed on trial, 23-18 knots. 

Average speed per hour on fastest passage, 22*01 knots. 
Gross tonnage = 12,950 tons. Nett register tonnage, 4973. 
Passenger accommodation — 



First class, 600. 
Second class, 400. 



Third class, 1000. 
Crew, 450. 
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Most of the structural features are distinctly shown in diagrams 75 and 76, 
which have been kindly furnished for this work by the owners ; hence, more tlian 
briefly drawing attention to the chief items in the construction is unnecessary. 

The vessels are classed 100 Al at Lloyd's. They fully comply with the 
rules of the Bulkhead Committee, in being subdivided into watertight com- 
partments by transverse watertight bulkheads, in such a manner that any 
two (and in some cases even three) of these compartments may be flooded 
without endangering the safety of the vessel. The bulkheads are spaced 
more closely towards the ends of the vessel, where loss of buoyancy would 
cause most change of trim, and where the danger from collision is greatest 
The bulkheads are stiffened by deep channel bars, and connected to the 
tank top and decks by bracket plates. Where passage-ways are required 
through these bulkheads, watertight doors are fitted, but these are of the 
least possible number. 

Unlike some large passenger steamers, no central longitudinal bulkhead 
is fitted, excepting through the engine room. Longitudinal bulkheads, 
apart from structural strength, may be a source of danger to a vessel 
under some circumstances, for in the event of the shell being perforated 
and the sea finding access, the loss of buoyancy on the one side only may 
cause the vessel to take a very considerable list. The necessity for the 
longitudinal bulkhead through the engine room, however, is so apparent 
as to need little comment. The two engines driving the two propellers 
are kept in separate watertight compartments, and thus, in the event 
of one of them being flooded, the other remains intact, and the vessel has 
the advantage of propulsion by means of one propeller, at any rate. 

The " Campania " and ** Lucania " are on the Admiralty list of mercantile 
armed cruisers, and hence satisfy all requirements for such. Among other 
features, the boiler compartments are protected against shot at the sides 
and over the top by watertight coal bunkers. A cellular double bottom 
extends continuously throughout the whole length. The keel is of the flat 
plate type, 60 in. broad by over an inch in thickness (see midship section, 
fig. 76). It has a doubling on the inside of over Jths of an inch in 
thickness. The double bottom is about 56 in. in depth, excepting under 
the engines, where it is increased in depth to about 7 ft. 6 in., in order to 
form the engine seating. The centre through-plate is continuous all fore 
and aft, with double angles at top and bottom. Between the centre 
through-plate and the tank margin plate, there is a continuous longitudinal 
girder, also with double angles at the top and bottom. Between this last- 
mentioned continuous girder and the centre through-plate, and also between 
the same girder and the margin plate, intercostal girders are fitted as shown 
in fig. 76. Under the engines, however, where much greater strength and 
rigidity is required owing to the enormous power of the engines, two con- 
tinuous and three intercostal girders are fitted on each side as shown in the 
section of the machinery space, fig. 76. The frames are of channel bar 
section, spaced 30 in. apart. 
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In order to give increased stiffness to the transverse framing, there are 
introduced at intervals, in addition to the numerous transverse bulkheads, 
deep web frames or partial bulkheads. These web frames are spaced more 
closely together in the engine and boiler space, where special precautions 
are obviously necessary. 

There are four complete steel decks laid throughout the entire length 
of the ship, viz., promenade deck, upper deck, main deck, and lower deck, 
all of which are wood sheathed. The boat and orlop decks have wide 
stringers and tie plates, and are laid with wood decks. The beams to all 
the decks are of the butterly tee bulb section, with the exception of those 
at the end of the promenade deck, which are bulb angle. The promenade 
deck amidships is supported on "T section steel stanchions, which are 
brought down to the sheer strake, and form stiffeners for the bulwarks 
(see midship section, fig. 76). 

The frames extend continuously from the tank margin plate to the 
upper deck. The centre through-plate and tank margin plate and some 
of the side girders being continuous fore and aft, the floors must be inter- 
costal between these longitudinals. At the fore end, where, on account 
of the high speed, severe panting stresses are encountered, the frames are 
doubled for a considerable distance abaft of the stem. Doublings are also 
fitted to the frames for a considerable distance forward of the stem post, 
where great stiffness is required to carry the propeller brackets, through 
which severe stresses are transmitted, especially when the vessel travels at 
high speed. Double angle bar frames are fitted to all watertight bulkheads. 

In all steam vessels, owing to interruptions in transverse strength 
caused by the omission and cutting of beams in the machinery space, too 
much attention cannot be given to the matter of compensation for such 
weakening of the structure, and to so strengthening this locality that no signs 
of weakness may be developed, and vibration reduced to a minimum. It is 
also necessary to ensure that the foundation upon which the engines and 
boilers rest is of the most substantial character. In such vessels as the 
"Campania" and "Lucania," with their enormous engines developing 
30,000 indicated horse-power, the strengthening of the machinery space is 
naturally of the most vital importance, and receives special consideration 
in the process of designing the structure. 

As we have stated, the floors under the engines were increjised con- 
siderably in depth, and additional longitudinal girders ^vere introduced. 

The section through the engine space (fig. 76) well illustrates this. 
In order that the various parts might be coimected in the most efiicient 
manner, all rivet holes in the structure under the engines were rimed and 
made perfectly true, and the angles in the double bottom were welded 
and joggled, so as to thoroughly combine the whole and make the 
transverse framing as continuous as possible. 

As the orlop beams had necessarily to be dispensed with in the 
machinery space, compensation was provided by a semi-box stringer 



1 




TYPES OF VESSELS — SECTION II. 



15' 



(see section, fig. 76), which is itself furthermore strengthened by the 
introduction of diaphragm plates at intervals. 

The stringer plates on beams are connected to the shell by double 
intercostal angles instead of by a single angle as commonly adopted. 

The shell plating is arranged on the overlap system from the keel to 
the underside of the main deck sheer strake. 

The butts of the upper and main deck sheer strakes, and the strake of 
shell plating between, are connected by double butt straps quadruple 
riveted over the middle length and treble riveted at the ends. The straps 
are placed one inside, and one out. All the other shell butts are overlapped 
and quadruple riveted over the midship length, and treble riveted before 
and abaft this. As shown in the section, fig. 76, the upper deck sheer 
strake and the strake below are doubled over the middle length of the 
vessel. In long vessels it is a common practice to double one or more 
Btrakes of bilge plating, but in the case of the " Campania " and " Lucania " 
increased strength was obtained by increasing the thickness of the bilge 
strakes, and adopting treble riveting at the edges or seams of these 
strakes. 

In order to obtain the fullest eflBciency, and to ensure the soundest 
workmanship, hand riveting was dispensed with in the connection of the 
upper deck sheer strake to the deck stringer plate, as it was practically 
unpossible to obtain satisfactory workmanship by hand riveting so many 
plates of great thickness (see fig. 77). 

Hydraulic riveting was therefore adopted, and, as a consequence, the 
rivets are snap-headed. Though the exposed heads of such rivets may 
be considered by some to detract a little from the general appearance, 
this consideration was outweighed by the vastly improved character of 
the work, and the satisfaction felt in having the various thicknesses of 
plating thoroughly closed up. All rivets are of steel, and in way of the 
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Fig. 77.— Detail of Hydraulic Riveting in Upper Deck Sheer Strake. 
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double bottom the riveting is all done by hydraulic machinery. The shell 
plates range from | in. to 1 in. in thickness. 

The deckhouses are of the composite type, having steel coamings, and 
frames, and beams (see fig. 226). 

The upper deck is sheathed with teak, and the others with yellow pine. 
The stem frames and propeller brackets are of cast steel. 

By adopting the system of bossing the frames at the after end (see 
figs. 212, 213), not only is thorough support given to the propeller shafts, 
but ready means of access is obtained to the shafts and their bearings 
throughout the whole length, excepting the tail shafts. 

When the ships were built, they were fitted with plate rudders having 
specially designed arms on either side. The plates for the rudders were made 
by Messrs Krupp, of Essen, in Germany, and measured 22' 0" x 11' 6" x l\" 
thick. The necessity of going abroad for these plates was afterwards called 
in question by British makers, and the matter was severely commented 
upon at the time by some of the leading journals. However, after the 
ships had run a few voyages, the plates were found to be cracked, and the 
owners refitted the ships with new castrsteel rudders made up in three 
sections, connected by bolted horizontal flanges. 



"GREAT EASTERN" 
(See figs. 78 and 79). 

Though now considerably exceeded in size by several Atlantic liners, 
Scott Russell's great work, the " Great Eastern," will always hold a place 
as one of the most remarkable achievements in the field of naval architec- 
ture. A few particulars about this vessel, together with the profile and 
midship section, figs. 78 and 79, will doubtless be interesting, if not 
instructive, for comparison. 

The "Great Eastern" was 692 ft. in length over all. 

Length between the perpendiculars, 680 ft. 

Breadth moulded, 82 ft. 2 in. 

Depth moulded to upper deck, 58 ft. in. 

Depths in length, about llj^. 

This vessel was propelled by a screw propeller, and also by a pair of 
paddle-wheels. The total indicated horse-power was about 8000, the screw- 
engines being somewhat more powerful than the paddle, indicating about 
4500 horse-power. 

The maximum speed obtained was from 14 to 14 J knots per hour. 
There were ten tubular rectangular boilers 18 ft. long, 17 ft. 6 in. wide, and 
14 ft. high, with 112 furnaces in all, and a working steam-pressure of 
about 20 lbs. 

Each set of engines had four cylinders with a diameter and stroke of 
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7 ft. and 4 ft. respectively in the screw-engines, and 6 ft. 2 in. and 14 ft 
respectively in the paddle-engines. 

The propeller had 4 blades with a diameter of 24 ft with 44 ft 
pitch. The paddle-wheels were about 56 ft. in diameter. The vessel was 
designed to carry about 800 first class, 2000 second class, and 1200 third 
class passengers. It has sometimes been stated that the " Great Eastern " 
was a huge failure. If being far ahead of the times constitutes a failure, 
she was one. Certainly she was never profitable commercially, but she 
was an advance in naval architecture such as has never been equalled 
since, and her designer (Brunei) must ever rank as one of the ablest and 
most ingenious naval architects that ever lived. 

The fact is apparently often overlooked, that the experience provided 
by the " Great Eastern " has, directly or indirectly, been of immense value 
to modem naval architects, and in no small way has contributed to the 
success of our largest ocean liners. 

The system of her construction was unique, and although it has not been 
rigidly followed in the building of succeeding mercantile vessels, yet it has 
doubtless influenced the construction of ships generally. 

She was built exclusively upon a system of longitudinal framing which 
was composed of plate girders spaced about 30 in. apart from the keel 
to the lower turn of the bilge, and from thence to the lowest deck at about 
twice this distance. (See fig. 79.) 

These girders were entirely covered with an inner skin of watertight 
plating in addition to the outer shell. Such an arrangement not only added 
immensely to the strength, but contributed in a great measure to the safety 
of the vessel, and but for which, on at least one occasion, she might have 
had a shorter career. The longitudinal framing received great support and 
assistance from numerous watertight transverse bulkheads. 

Unlike modem shipbuilding practice, with its multiplicity of sisses and 
thicknesses of plates and bars, the inner and outer shell plating of the 
"Great Eastern" was J in. in thickness; the longitudinal plate girders, 
^ in. in thickness ; the rivets, | in. in diameter, spaced 3 in. apart ; and 
the angles, 4 in. x 4 in. x | in. 

While the beams to both the uppermost and lowermost decks are of 
exceptional strength, as shown by figs. 78 and 79, the upper deck especially 
is exceedingly strong. 

In addition to the strong upper deck beams, further stiffness and 
rigidity is given by intercostal plates fitted between them longitudinally, 
and both the upper and lower surfaces of the beams are plated, making 
in their entirety a double iron deck. 

A general idea of the construction of this marvellous vessel can be 
obtained from the profile and midship section given. 



154 STEEL SHIPS. 



TURRET DECK CARGO STEAMER (see figs. 81 to 90). 

This rapidly increasing type of cargo steamer first appeared in 
about the year 1891, and the very fact that since that time at least 
150 of these vessels have been built, some of them reaching to 480 ft. 
in length, and also that owners who have had vessels of this type 
built have in many cases given further orders for new vessels of the 
same kind, proves that " turrets " have shown themselves at least equal, 
if not preferable, to the ordinary type of cargo steamers for certain 
trades. 

The first turret steamer was designed and built in the shipyard of 
the patentees, Messrs Wm. Doxford & Sons, Ltd., Sunderland. Though 
very different and vastly superior to the notorious whaleback steamer, 
it is probable that the idea of the turret steamer was first conceived 
from this vessel. As is now well known, the whaleback steamer was 
an American invention; and although it was prophesied that this 
peculiar vessel would revolutionise ship construction, yet the first 
visit of the first whaleback steamer, the "Charles W. Wetmore," 
across the Atlantic to this country in 1891 was also her last, and 
she has had remarkably few successors. Fig. 80 shows the main 
outline and form of a whaleback steamer. The main object in the 
design was to provide a seagoing vessel with absolutely clear decks, so 
that if heavy seas broke aboard, there would be no deck erections to 
carry away, while the peculiar form of the rounded deck would break 
the force of the sea, and allow it to easily escape over the sides of 
the deck. 

The great difficulty of getting along such a weather deck in heavy 
weather is obvious, the only means facilitating this being a gangway above 
the deck supported upon turrets at intervals in the length. 

The hatchways are simply holes in the deck, having no coamings, and 
closed by means of plates which are bolted through the deck. This is 
objectionable, as there are no means of feeding the holds when carrying 
bulk cargoes. 

The spoon-shaped bow and the form of the bottom, from the stem for 
some distance aft, makes the hull specially liable to damage when the 
vessel is pitching in a seaway, owing to the pounding action produced 
as the vessel thumps against head seas. 

In one or two features, the turret steamer is similar to the whaleback. 
Neither vessel has any fore and aft sheer, and the gunwale is of rounded 
form in each case. But beyond these two features they are widely diflferent, 
as is seen by comparing the diagrams of turret steamers, figs. 81 to 90, 
with the whaleback steamer, fig. 80. 

The following are the principal features in the design and construction 
of the turret deck steamer. 



Fig. 82. 

midship section of a turret steamer with one 

deck and a tier of widely-spaced hold beams. 

(Older system of eonstnotion : compare with fig. 88.) 
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First of all, it may be noted that the form 
of the vessel below the load water-line is similar 
to that of any ordinary steamer, the points of 
difference being above the load line. 

The most striking feature is the turret 
erection, which extends continuously from stem 
to stem. The sides of the turret are blended 
into the harbour deck, and the harbour deck 
into the vertical side plating, by well-rounded 
corners (see figs. 82, 83, and 85 to 90). 

All hatches (excepting a few small circular 
bunker trimming scuttles on the harbour deck), 
deck openings, and deck houses are placed on 
the turret deck, which at sea is the working 
deck of the vessel. The harbour deck is 
practically clear of deck fittings, with the 
exception of a storm rail for the protection of 
crew while working mooring bits and fairleaders 
and watertight coaling ports. As shown in 
figs. 81 and 84, the accommodation for officers 
and crew is on the turret ; only in special cases, 
and those chiefly where a large native crew is 
carried, is any accommodation located in the 
turret. 

As to the strength of these vessels, the very 
fact that they have been given the highest 
class by the principal classification societies, 
leaves no doubt as to their structural merits. 
Indeed, when the fact is considered that the 
frames extend continuously from the margin 
plate of the inner bottom, up the vertical side, 
round the gimwale and harbour deck, and up 
the turret side to the turret deck, and also that 
the thickness of the shell plating is maintained 
round the gunwale and harbour deck to the 
turret deck, it is at once apparent that such 
an erection as the turret, carried continuously 
all fore and aft, and blended so completely 
into the main hull of the vessel, must afford 
a most valuable addition to the longitudinal 
strength in resisting longitudinal bending. 
And although the depth of the vessel is 
increased by the turret erection, yet the 
transverse form of this upper part, and the 
assistance given by the thick steel harbour 
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deck (which in ordinary vessels is usually of thinner plating) and 
the plate brackets in the turret, between the turret deck and 
harbour deck beams in figs. 82, 83, and 85, or the equivalent methods 
in the other midship sections, figs. 86 to 90, prevent any chance of 
transverse weakness in the topsides. The turret sides and harbour deck 
really form a pair of huge angle girders, one on each side, extending all 
fore and aft. 

Owing to the increased stiffness which the curved sides give to the 
deck, and the strength afforded by the large angle girders just referred to, 
it is quite admissible that the hold pillars, if of increased strength, should 
be more widely spaced than is usual in ordinary vessels (see figs. 81 and 
82). The advantage thus given for better stowage is evident. These pillars 
were usually made of two channel bars riveted back to back, and bracketed 
at their upper and lower extremities to the deck beams and inner bottom 
plating (see figs. 82, 83, and 85) ; but in later types, steel tube pillars, 
which are less liable to damage cargo, have been adopted (see figs. 86, 
88, and 90). 

The turret erection being of a thoroughly substantial character, it is 
needless to say, in making the strength calculation, that the sectional area 
of all continuous longitudinal material up to the turret deck is used in 
arriving at the moment of inertia ; hence, with an increased depth of girder, 
the resulting large moment of inertia is accounted for. At the same 
time, there being no sheer, and, consequently, relatively less hold space 
towards the ends of the vessel, a reduction in bending moment would be 
the result, were there no turret erection suitable for carrying cargo. Any 
actual reduction, therefore, in bending moment, as compared with an 
ordinary vessel, may be ignored, but, with increased moment of inertia, it 
follows that a reduction in the stress per square inch on the topsides may 
result. 

These vessels are usually built with a cellular double bottom all fore 
and aft, which is of the ordinary construction. The frames are generally 
of channel or ^ section up to the lower round of the harbour deck. Above 
this height and up to the turret deck the frames are of slightly lighter 
scantlings and of bulb angle section. These upper and lower frames are 
eflficiently imited by an overlap of 27 to 30 inches. 

Hdd and Harbour Deck Beams and Pillars dispensed with, — ^Tho 
evolution of the Turret proceeds apace, for, as figs. 86 to 90 show, great 
improvements have recently been made in their internal construction. 
Many of the latest of these vessels, reaching 30 ft. depth of hold to turret 
deck, have been built without either hold beams, harbour deck beams, or 
pillars, thereby leaving an entirely clear hold space (see fig. 87). This is 
effected by the compensation afforded by the very broad web frames of 
cantilever form, fitted at widely spaced intervals, in conjunction with 
a broad web stringer. These vertical webs extend from bilge and tank 
top, to which they are efficiently bracketed, up to the harbour deck, 
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and from thence, by t4iking an oblique dirGction, to tbe turret deck 
as shown. 

By this Bystem of oct;i|^oiial web framinjr, the thrust frcmi the water 
pressures upon the l>ottom und aide plating res^pL^ctively is transmitted aud 
distributed over tho harbour deck, turret sides, and turret deck — the frame 
heads just abovo tlie load-line lieing supported by the diagonal vvcb franiing 
which is connected to the turret deck beams. The side support aflforded by 
the iiold beams with their broad stringer plate in figs. 82 and 83 is obtained, 
in the case we are considering (fig. 87), fn:>m the broad i^tringer, held to its 
work at intervals by the tranaverse webs. In heavy weather, it is obvious 
that largo volumes of water must find their way on to the harbour deck at 
the sides of the turret erection. The harbour deck under such (M>nditiorja 
is upheld with \Ui load by the cantilevers which the octagonal webs form as 
they reach otit diagonall}^ from the frame hcails to the turret deck beams. 
The clear hold thus obtained is plainly of immense advantage in the 
stowage of large bales and case c^irgot^s. 

Hold ami Jlarhrmr Dtck Bt^attu di^pen^^ wttk ; Wuhly-fipaeed Tt^u/ar 
PUinrg introduced. — Fig. 86 shows a similar vessel to tig. 87. ulso with both 
hold and harliour deck lieams dispensed with, the topside support and trana- 
verse rigidity in this case being obtained hy oblifjuo stays at intervals, 
composed of two deep channel bars securely bracketed to two adjacent 
frame beads at their lower extremity, and to the hatch end coaming plato 
and an adjacent deep plate beam at the upper extremity. These double 
channel bars are combined into one efficient stout tie by binding plates 
or straps at intervals in their length, aa shown. Sup|x)rt is afforded, 
immediately beneath the turret sides, by steel tube pillai-s bracketed to 
tbe turret base and sides* These pillars again transmit and distribute the 
enormous thmst from tbe bottom pressures. In lieu of the hold beams 
with their broad stringer plate, the T_ framing Is increased in depth and 
thick tieas. This incre^ised depth of fniming makes each frame culpable of 
withstanding the external pressures without the assistance of the deep side 
stringer. 

Special *Ttmm$ Dmk Arrtin^efnmt — Fig. 86 shows a special arrange- 
ment in which a 'tween decks Is fitted. The lower deck is supported by 
widely-spaced tubular pillars in each hold, tbe feet of these large pillftn>!, in 
all Dises, being secured liy tap rivets to a thick doubling phite riveted to 
the inner bottom, which method prevents any pos^ilnlity of water finding 
its way inside the pillars ; and tbe heads are connected to a continuous fore 
and aft girder on each side, which} in it« turn, is secured to dock and beams. 
These girders also form the hatch fore and aft coamings. Above the lower 
deck there are no beams until tho turret deck is reached, the omissiou of 
the harbour deck beams being compeuEiJited for by oltlique channel bar 
struts and ties, with large bnickets at their extremities. Smaller steel 
tubular Pinal's support the turret aides in way of ench of these oblique 
atruts. 
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Side Stringers dispensed mth, — Fig. 89 shows a turret with no hold or 
harbour deck beams, widely spaced tubular stt^el pillars, and no stringers 
between the inner bottom tank side anf the fnime heads. The omission of 
these side stringers is compensated for by increasing the thickness of the 
side* plating in proportion to the area unsupported. The frame spacing is 
increased to 30 inches, and on this account additional depth and thick- 
ness is given to the frames. Although little, if any, saving is eftected in 
weight of material by this system, there is nevertheless much to be said 
in favour of greater simplicity of construction, and there is doubtless 
an advantage in the wider frame sixacing and deeper framing, by the 
facility which is afforded for easier accessibility in examining and cleaning 
and painting the frames and shell. The omission of the side stringers is 
also an advantage in carrying bulk cargoes. See also " Stringerless 
Vessel," page 179. 

Bulkheads dispensed with. — The latest development of the " Turret " is 
the vessel whose internal view is shown in fig. 90. Here, the machinery 
is placed right aft, and between the collision bulkhead and the boiler room 
bulkhead there is a continuous clear hold space. In view of the 
exceptional transverse strength obtained by this method of construction, 
the structural necessity for bulkheads, othbr than those mentioned, is 
dispensed with. 

An enormous amount of water ballast, reaching to over one-third of the 
deadweight, is carried in this special form of double bottom tank. It will 
be seen that the watertight inner bottom plating is lifted from the top of 
the floors on each side, and terminates at the lower side stringer. A 
continuous hatch extends almost the whole length of the hold. A 
system of oblique double channel struts and ties, in conjunction with 
heavy box beams across the turret deck at intervals, and the means of 
securing them and developing their utmost efficiency, is shown in the 
sketch. 

This type of vessel recommends itself more particularly for coal, ore, 
and timber trades, especially if long over-sea voyages have to be made in 
ballast. The advantages of such a clear hold for these trades are obvious. 
This arrangement is specially suitable where coal is discharged by grabs, as 
the self-trimming form of the bottom of the ship brings the coal inside the 
line of the hatch coamings. 

Other advantages possessed by the turret steamer may bo enumerated 
as follows : — 

There is no possible means of heavy shipped seas finding lodgment on 
cither the turret or the harbour decks, as no continuously closed bulwarks 
are fitted to the vessel. The turret erection is an ideal feeder to the lower 
holds in vessels carrying grain and other bulk cargoes, and therefore, when 
fully loaded, the danger of a cargo shifting is rendered impossible in the 
lower holds, while any shift of cargo that might take place in the turret 
erection itaeM would have so little effect upon the stability of the vessel as 
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to be unnoteworthj. The rounded form of the ^nwale also contributes to 
the better stowage of these cargoes. The height of the turret deck (10 to 
12 ft. above the load Hne), 011 whkh are situated all the Liitchos and 
ventilators, also the engine and boiler casiugs, corupanioti-waya, etc., is a 
source of eafcty and protection to these important parts. 

It will be noticed, in looking at the midBhip sections, figs, 82, 83, 85 to 
90, that, as far as possible, all connections of plates to one anotlier have 
been effected by flanging or joggling, thereby dispensing with the usual 
connecting angle bar and packing. The midahip sections show that the 
floor plates are flanged as well as also the intercostal girders iu ttiti double 
bottom at their upper and lower edges. Tho edges of the shell plating and 
inner bottom plating are joggled* By adopting this system, all tho plating 
bears close upon the surface of the material to which it is attivchetL Tliis 
confers the great advantage of improving the efficieiicy of the riveting by 
having fewer thicknesses to rivet through, not to mention the great 
saving by relieving tho vessel of the w^eight of packing. 

The additional depth and Blreugth provided by the continuous turret 
erection makes less necessary additions to structural strength on account 
of the proportion of length to depth. 

The turret deck is fitted with the usual loading and discharging gear — 
wincheEjj derricks, etc. — ^and, following the ganeml tendency in these days, 
the masts are short, and make no pretence of carrying much sail. Indeed, 
their chief function is to aupport the derricks. Objection hsia been lodged 
against the turret steamer because of its uu-shiplike appearance ; but the 
turret vessel is essentially a cargo steamer, and a deiulweight carrier. 
Moreover, it only resembles, in a more jxdvanced form, the tendency of 
the ordinary cargo vessel, which, by its full-formed hull, shorter masts, 
and conspicuous smallness of sail (and in some eases no masts at all), 
together with its elaborate discharging and loading gear, is fast losing 
all the features which originally conveyed the idea of a sliip. However, 
as cargo steamers are built to earn freights, any argument against appear- 
ance is unreasonable, so long as a satisfactory condition of seaworthiness 
is assured. 

Recognizing tho importance of making provision for the carriage of 
ballast wlien making long over-sea voyt^^es without cargo, which is so usual 
an occurrence in these days of keen comftetition, fi^. 81, 84, and 90 show 
arrangements for carrying water ballast, whereby the draught is increased 
from the hght line shown to a deeper water-line allowing considerably 
greater immersion, and trimming the vessel reasonably by the stem, in 
order to secure the mont favouriible conditions for the propeller. Of 
course, where a huge, deep tank is fitted, such as shown amidships in 
fig. 84, the bulkheads Isonnding such tanks require to be most efficiently 
stiffened, and in the profile are shown the deep vertical webs which the 
builders fit to these bulkheads, in addition to other stiflening. 

The space on the harbour deck at the sidea of the turret erection lends 
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itself and is easily utilized for the carriage of imperishable deck cargoes, 
such as timber, etc. 

While the freeboards of all ordinary ships which fully comply with the 
structural requirements of their respective types as laid down by the 
Board of Trade standard, may be determined on a minimiun percentage of 
reserve buoyancy, exclusive of erections which are treated and allowed for 
separately, the ** turret'' and other self-trimming steamers may be treated 
in a like manner, for although they may differ in design, they nevertheless 
belong to the full scantling type in respect to strength. 

It is patent to every intelligent obser\'er that, valuable as the turret 
erection is in affording strength and buoyancy, yet the buoyancy of the 
turret erection could not reasonably receive the same credit in the matter 
of freeboard as the same amount of buoyancy distributed over the whole 
width of the harbour deck as in an ordinary vessel. Hence the Board of 
Trade Freeboard Tables and Instructions allow as much as 70 per cent, of 
such buoyancy as being effective in detcnnining the freeboard, which is 
measured from the turret deck, a fact in itself testifying to the value of 
the turret erection. 

A few extracts from the Board of Trade Freeboard Rules regulat- 
ing the depth of loading of turret deck vessels and vessels of similar 
types, will no doubt greatly assist in conveying a clear idea of the 
basis upon which such vessels are treated in the assignment of their 
load lines. 

" A * turret ' is a strongly constructed continuous erection at the middle 
line of a vessel, fonuing with the main or hari)our dock an intcgnvl part of 
the hull, and of a breadth not less than five-tenths the greatest breadth 
of the vessel, and a height not less than 25 per cent, of the moulded 
depth." 

"Hatch coamings at least 2 ft. high, and casings to engine and 
boiler openings at least 4 ft. 6 in. high, to be fitted above the * turret ' 
deck." 

"The reserve buoyancy required by the Tables to be estimated by 
taking 70 per cent, of the volume of the turret. The height of the turret 
allowed for is not to exceed 25 per cent, of the moulded depth." 

" The moulded depth of the vessel to be taken to be the depth at side 
from the beam line, as before defined, to the top of the keel." 

" The transverse and longitudinal strength of the vessel to be regulated 
by that required for a * three deck ' vessel of the same length, breadth, 
moulded depth, and coefficient of fineness ; and the scantlings of the turret 
are to be determined so that the stress per square inch upon the material 
of the turret amidships shall not exceed that of a standanl vessel of the 
same dimensions and form, and having scantlings equal to the requirements 
of the 100 A class in Lloyd's Register (1885) for 'three deck' vessels 
when loaded to the freeboard given in Table A, after deducting 12 per 
cent, from the same." 



Fig. 91. 
TRUNK STEAMER. 

Dimenaiona— 
Length B. P., 800 ft Breadth MLD,, 46ft. 

Depth of Hold, $0 ft 6 h^ Depth MtD,, 22 ft. 2 ItlW. 
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TRUNK STEAMERS. 

Figs. 91 and 92 are plans illustrating in profile and midship section 
what is known as the " trunk " steamer. See "Supplementary," page 162. 

The inventors of this type of vessel are Messrs Ropner k Son, the 
well-known shipbuilders of Stockton-on-Tees. The trunk steamer is 
essentially a cargo vessel which possesses special facilities for the stowage 
of bulk cargoes, and advantages in the navigation of the vessel. On 
referring to the midship section, fig. 92, it will be seen that, up to tho 
gunwale, this vessel is in every respect similar to the ordinary type of 
cargo vessel. She has a cellular double bottom, and is framed on the 
web frame system, thereby dispensing with a tier of hold beams, and 
leaving the whole space perfectly clear, with the exception of the hold 
pillars, which are widely spaced. Instead of web frames, the deep frame 
system may bo adopted. In addition, these vessels have a poop, bridge, 
and forecastle constructed in the usual way. 

The special feature of this vessel is the tnmk erection. This tnmk is 
strongly framed and plated, and can bo made thoroughly substantial. It 
extends from the poop to the bridge, and from the bridge to the forecastle, 
into each of which tho sides of tho tnmk are scarphed. The height of the 
trunk is about 7 ft. — that is, tho height of poop, bridge, and forecastle — with 
which erections the top of the trunk forms a continuous deck. The breadth 
of tho trunk is about half tho beam of the vessel. Strong through beams 
are placed, where necessary, at intervals at the base of the trunk (see figs. 91 
and 92). These strong beams greatly assist in maintaining the transverse 
strength. Apart from these strong beams, the trunk space is entirely open 
to the lower hold, and, as the midship section shows, the ordinary main deck 
beanfe are cut at the sides of the trunk. This apparent weakness, however, 
is fully overcome by the strong connection made between the trunk sides, 
the beams, and the pillars (see fig. 92). First of all, the deck plating 
is flanged into the trunk side. The hold pillars are of channels, or tee 
bars, fitted back to back, one of which bars extends some distance up tho 
trunk side plating, to which it is riveted, and further, the pillars are 
bracketed to the deck beams and deck plating, as shown. Thus the trunk 
sides, being thoroughly connected to and scarphed into the poop, bridge, 
and forecastle, and supported as they are by extra strong hold pillars, 
afford ample strength for carrying the beam ends and supporting the 
main deck. 

The trunk side frames, and the beams supporting the trunk deck, are all 
of about the size of the main frames of the vessel, and connected by brackets 
as shown in fig, 92. 

As all the principal hold hatchways are situated upon the trunk deck, the 
trunk deck beams are necessarily cut at the hatch sides ; but, as the midship 
section shows, the hatch sides are well supported by large web plates fitted 
between the trunk deck and main deck strong beams. The deck area of the 

11 
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tnink deck is increased by extending the deck pljiting about 1 ft. beyond the 
trunk sides, and this being practically the navigating deck, hand rails are 
placed along each side for protection, as shown. 

The great advantage of having the navigating dock 9 or 10 ft. above 
the load water-line is a feature which every seaman can appreciate. 

Moreover, as all hatchways, ventilators, and deck openings are situated 
either on the trunk deck, or on the poop, bridge, or forecastle, the protection 
which is afforded to these important parts, including the engine and boiler 
openings, is very apparent. 

In the loading of bulk cargoes, the trunk forms an excellent feeder to 
the main holds, in addition to possessing the facility for self-trimming. The 
main deck is either fitted with open rails, or closed bulwarks of the usual 
form, as may be desired. Owing to the substiintial nature of the hold 
pillaiB, and the excellent support they give to the trunk side and main deck 
beams, they are spaced at wide intervals apart, and by this means the 
possibilities of broken stowage are minimised. The main deck outside of 
the trunk is well adapted for the carrying of timber, cattle, or other deck 
carga In some cases, cargo skids or platforms at the sides of each hatch are 
fitted, extending from the level of the trunk deck to the sides of the vessel, 
for convenience in discharging cargo. 

SUPPLEMENTARY re "TRUNK STEAMERS." 

In the extensive improvements and developments which have charac- 
terised the construction of merchant steamers during recent years, the 
" trunk steamer " has shared in no small degree ; and, although it is only 
seven years since Steel Ships first made its appearance, it is already 
necessary, in order to represent present-day practice, to introduce several 
new diagrams with notes descriptive of same. Reference is therefore 
directed to figs. 93, 94, 95, 96, and 97, representing in profile and midship 
section the general arrangement and construction of the modern trunk 
steamer, while fig, 98 is an internal view of the hold, and Plate XV. a 
photograph of one of these vessels finishing at the building yard of Messrs 
Ropner & Sons, Stockton-on-Tees. 

Internally, the holds present a remarkably clear appearance, owing to 
the adoption of widely-spaced centre line pillars, made of channel or tee 
bars fitted back to back, or steel tubes ; but channels are most favoured 
by the builders on accoiuit of the ready facility they afford for fitting 
shifting boards. Where the holds are of exceptional length (see figs. 94 
and 95), arched webs, spaced about 22 ft. apart, are introduced in lieu of 
transverse bulkheads (see fig. 98). 

The framing is of heavy bulb angle section (see figs. 96, 97, and 98), 
though, as previously pointed out, channels or deep framing may be readily 
adopted. 

The modem trunk steamer is usually fitted with a forecastle upon the 
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tniiik deck forwani (see figs, 93j 94, 95, and Plate XV;), and soraetimea 
with a full poop, but no bridge. 

The othcers are gencra-lly accommodated ia a decik house erected upon 
the tniok deck about amidahips. The trmik extends the full length oi 
the Yemel Its height varies from about 7 to 10 ft,, and the breadth from 
about 50 to 75 per cent of the extreme bre^idth of the vasael. This is 
much wider than was adopted orlginallj in trunk steamera (compare with 
figs, 01 and 92). 

As in earlier trunk Bteamets, strong through beaina are placed at 
intervals, where ueceasiiry, at the base of the trunk (see figs. 93 to 97)* 
These strong beams are important faetora in the general contribution to 
transverse strength. Apirt from these strong beams the trunk space is 
generally entirelj open to the lower holds, the ordinary main deek beams 
bektg cut at the aides of the trunk (see figs. 96 and 97)* A strong 
eoimection is made between the ends of these beams and the vertical aides 
of the trrmk, by securely riveting the inimes of the trunk to the deck 
beams, and hj flanging or bending the deck plating into the tnmk sides. 

Provision is made for preventing any moisture — due to sweating on 
the trunk sides — running down and dropping on to and damaging the 
cargo below^ by scuppers formed at the base of the trunk, with drains 
leading to the bilges (see fig, 96). 

When desired, the niain deck beama may be plated over to form a 
complete deck at the base of the trunk. The space within the trunk uiay 
then be exempted from gross tonnage measurement by making it an 
**open si?ace." This is effected by cutting a permanent opening in the 
trunk deck to each trunk eorapartment (if there are more than one). The 
size of this opening should be as follows : — Tlie length must be at least 
4 ft., and the breadth not less than that of the adjacent cargo hatch, A 
cwiming not exceeding 1 ft. in height may be erected round the deck 
opening, with half round stilleniug iron on its outer upper edge if desiretl, 
though no hatch cover rest iron of any description is permissible on its 
inner edge* In order to prevent the inroad of heavy seas^ which niay Hnd 
way on to the trunk deck, temporary covers, resting upon portable fore 
and afters, may l>e fitted, but no provision in the shape of debits, etc* 
must be made for battening down. The wooden covers to the openingi 
may b© temporarily secured at theu* ends by hemp laahings from their 
under sides to the coamings, by means of iron rings attached to each of 
them respectively. Guard rails and s tan eh ions are necessary round such 
deck openings for the protection of the crew. To get rid of any water 
which may find access into this ^* open space " a freeing port is fitted in 
the trunk sides under the deck opening; and, in addition, a sufficient 
number of scuppers to effectively drain the deck of loose water. 

The gunwale of tnmk steamers is square, and it is clmmed that this 
18 an advantagej facilitating the loading and discharging from barges and 
lighters alongside, and when lying at low quays* 



1 64 STEEL SHIPS. 

The square gunwale, with vertical sides, also affords the maxixnum 
stability, which is an important consideration in those cases where the 
righting arms and range are short, due to any restricting features in the 
design. 

The tnmk steamer lends itself to obtaining large deadweight and cubic 
capacity upon a low net register tonnage, which is a combination appre- 
ciated by every shiix)wner. 

The main deck is fitted with open rails, it being designed that all 
water finding its way on to this deck should readily escape over the 
vessel's sides. However, as previously pointed out, the main deck outside 
of the trunk is well adapted for the carrying of timber cargoes, when such 
are secured by chain or rope hishings from side to side. 

The cargo skids or platforms, also previously mentioned, are made 
portable, and arranged to fold in to the trunk sides, where they are secured 
with clamp screws. When required for use they are swung out, and struts 
are dropped to the sheer strake, to which they are bolted. Upon this 
platfonn-frame arrangement the hatch covers are phvced, thus providing 
a most useful stage, or athwartship extension of the trunk deck, for cargo 
loading purposes. 

Fig. 93 is a profile and deck plan of a modem tnmk steamer adapted 
for general trading. She is well ecjuippcd with winches and derricks for 
the rapid handling of cargoes. Her holds are subdivided, and the hatches 
are of the usual size. 

Fig. 94 shows an elevation and two deck plans of a vessel well adapted 
for carrying coal or iron ore, especially where the grab system of dis- 
charging is used. She is also particularly suitable for carrying cargoes of 
a bulky character, such as rolling stock or large timber. She really has 
only one hold, extending from the collision bulkhead at the fore end to the 
boiler-room bulkhead at the after end, which hold, if desired by the owner, 
may be divided into two parts as shown. The hatches — two only in 
number— are of enormous size, measuring 76 ft. in length by 27 ft. in 
breadth. (In one vessel of this type recently built, the hatches were no 
less than 102 ft. in length by 28 ft. wide.) As the general arrangement 
indicates, the outfit is designed for the rapid handling of cargo, — three 
pairs of twin derrick masts and one pair of derrick posts, having in all 
eight derricks; w^hile for the working of these derricks there are eight 
steam winches. 

In addition to the fore and aft double-bottom water-ballast tanks 
(increased considerably in deptli at the fore end) and the peak tanks — an 
arrangement of water ballast designed with a view to adjusting the trim — 
this vessel possesses an excellent arrangement for the carriage of about 
460 tons of water ballast in tanks built within the trunk (see lower plan 
views, figs. 94 and 95, and the midship section, fig. 97). Such an amount 
and disposition of water ballast cannot fail to improve the vessels light 
seagoing condition, not only by increasing the immei-sion and thereby pro- 
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moting the efficiency of both propeller and helm, but in the easier motions 
and general behaviour of the ship in a seaway. These ballast tanks do not 
encroach upon cargo space, and, moreover, if entered only by manholes, are 
not measured into the register tonnage. Fig. 98 gives an internal view of 
the long liolds, and shows how remarkably clear they are from obstructions. 

Fig. 95 is an elevation and deck plan of a vessel very similar to fig. 94, 
but she has four hatches instead of two. There are two pairs of twin 
derrick masts, and, in addition, four pairs of derrick posts. To these are 
attached sixteen derricks, worked by as many steam winches. 

Fig. 96 is a midship section of one of the ordinary typos of trunk 
steamers, and gives a good idea of the clear holds. It will be observed 
that there are no hold beams, no wide stringers, and no wide transverse 
webs. The only obstructions are a few pillars at wide intervals, and a 
few beams which cross at the base of the trunk well clear of the hatches 
(see also tig. 93). 

Fig. 97 is a midship section illustrating the water-ballast tanks built 
within the trunk sides. 

Fig. 98 is a photograph of a hold view of a vessel of the type illus- 
trated in figs. 94 and 95. This hold was actually 256 ft. in length, and 
the only obstructions, as will be seen, are the widely-spaced arched webs 
about 22 ft. apart, and the hold pillars about 43 ft. apart. 

PRIESTMAN'S SELF-TRIMMING STEAMER. 

Fig. 9i9 is a profile and fig. 100 a midship section illustrating another 
type of self-trimming steamer. The design is the patent of Messrs J. 
Priestman & Co., of Sunderland. The principal feature is an erection 
about 5 ft. in height extending from stem to stem. The top breadth of 
this erection is about half the moulded breadth of the vessel, and it forms 
the navigating deck. The hull from the keel up to the gunwale is of the 
ordinary form and construction. The diagrams illustrating this vessel 
show her to be built upon the web-frame system, thereby dispensing with 
hold beams ; but, if preferred, deep framing might be adopted instead, or 
the ordinary frame and reverse bar (or some equivalent), together with 
widely-spaced hold beams. But as it is necessary for trimming purposes 
that the erection be in free communication with the main hold, the 
transverse strength of the vessel in way of the main deck is maintained by 
means of widely-spaced bulb plate beams well kneed to the web frames, 
and each supported by two hold pillars formed of double channel bars 
fitted back to back, which are bracketed at the top to the beams, and at 
the bottom to the tank top-plating. 

The sides of the erection slope from the navigation deck to about 
2 ft. from the gunwale, in order to increase the facility for self- 
trimming. The main frames from the tank side to the gunwale are 
channel bars. 
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Tlie rrflf-tniiiiiiiiij onLL-tiuii aIvi Is fniin*^! \*r means of channel ban 
which fiP- kiif.-#.-i on lo ihv ni»:ii friiii'.--., mil oitond continuously from one 
tiifh: to th'.- f^thrr, ei'Vptinj in w.iy ..f iho liAtcLt-s. Support is afforied to 

} th'; slopinfT j'id'.'S of the er».-«:t;'.»n I'V nieans of hinie bracket plates on every 

htr»>nif U.'fim <«*.•« fi^j. \^*)), 

! Th«r ii?iviLMtiuii rji.^.k is >'ij.j*^^rt».^i by lame web pktes fitted between 

tbirs '^lock ftii'l st roller nr.iin d^'.-k V»siiii< iinin»>iiatelT a>jove each hold pillar 
^s*.-*.- fitf. 1'".'/. It i- alv^ fiirth'T ^•ipfii»rt»jfl by means of large bracket 
plat*-". pl;tt».-«l in a ii.«n/ .'ini ail 'liiwtinu at tbi- anirle of the navigation 

I th:i:k with the slopini' sidos. All hjtich'.-s, vent i la tors, deck openings, in- 

cliKlin:: tlic eniifine an-l l^iiler ca>in;.'s, ar*.* upm the navi^tion deck, and 
til II J' fonjji'lonibly nioro vie vat*- 1 th-in thi-y wmld 1^ in a vessel of the 
on li nary typr*. The erv<;ti«jn i«iniis a natJiml feeler to the hold, with 
which it iri in free comuiunicaiii»n. an- 1 i^ thi.Tefnre specially adapted for 
the carria-'f* of bulk car;_"H.-.*. The >l«»pin:: si'lt;s of the erection obvioiislv 
greatly facilitate-- the .self-trininiin:.' of such cargoes. An ordinary open 
nil is fitt^.-'l round the niain rl».-ck i'»r purin^sesj of protecting the crew. 
As the slopinL' sid"- oi the erection ntlVrs little resistance to the inrosid of 
beam seas which are liablt* to swi-op nvtr the vessel, a clr>stxl iron bulwark 
is fitt<yl to the naviLration deck. \\»1I stay*il hy means of ban* of tee iron 
wrction or sonicthint^ eijuivalent. Tliis not only atfords protection to the 
seamen in their duties in navitratini' tlie vessel, but keeps the upper deck 
drier than it otlierwise would be. The enrtion being continuous from 
stem to stem, with tlw top and sirlcs blcndcil into the main hull by the 
strinj^er plate lM*in;jr tlan;:ed as >hown in the midship section, and the 
en-ction side plating llanL'<-*<l on In the navi;rati«Mi deck, there is no doubt 
as to the substantial nature of the self-trim mini: erection. Further, t}w 
hold pillars bein;r wiflcly space«l, the possi))ility <>f bruken stowage of cargo 
is ;:reatly reduri'd. 

While the diagram shows this vessel to Ik? built with a M 'In tyre 
doubltj bottom all fore and aft, ex<reptin«; under the engines and boilers, 

li wli(;re ordinary l!<^)rs are fitted, a cellular double lK>ttom mijjjht have l>een 

I jwlopU'd <*<jually well, had such been preferre<l. The sides of tho self- 

trimming erection are specially arninged f<»r the carriage of timl)er on deck * 
KIHK'ial provision for securely lashing the s;ime from side to sidt^ of the 
vessel is i)rr>vided by bar irr>n jMJsts bnuketed to the deck, 8i)aee<l at 
intervals throughout the length, as shown in the profile. 



I 



CANTILKVKK FUAMEI) SELF-TllIMMIXO STKAMKR. 

Figs. 101 and lOli illustnite in jirofili? and secti<»n a noteworthy type 
of vessel whi(^h has appeared in recent years. It is desipiated by the 
builih^rs, Messi-s Sir Kaylton Uixon iV Co., Ltd., Mi<ldlesbrough, as a Patient 
t -anti lever Fnimed ship, mider tho patents of Messrs Ilarroway and Dixon 
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John PriestTnaiij and LiYingBtoDo and Sanderson, On comparing this vessel 
with the midship Bection Bhowii in fig, 100 (Friestman^s selMrimmiiig 
steamer), while many very important differences will be observed, yet 
there are several features of identical cljaracter. Indeed, it would 
app^.r tliat the one vessel is the outcome of the other ; hence presumably* 
the inchision of the name of Mr John Priestman with that of Messrs 
Harroway and Di.toa in the patent. 

The first feiitiire which recommends itself in tins type of vessel is the 
abf^lntely olear hold space. This is always an exceedingly desirable 
arrangement from the ebipowuer's aspect. 

The dimensions of the steamer illustrated are ; length B.P., 360 ft.; 
breadth moulded, 51 ft, 9 In.; depth moulded, 28 ft. 4 in. 

An ordinary vessel of this depth, from a structuml point of view, would 
Vielonj^ to the throe deck class, riKj airing, below the upper deck^ at least 
two tiers of beams with their broad stringer plates, and also hold pillars* 
lioth beams and hold pillars, as jiist indicated, have been entirely dispensed 
with. Even the side stringers are of an exceedingly compact form, 
scarcely projecting beyond the cargo battens. This is brought abottt 
and made possible by a unique system of construetion which is described 
herewith. The vessel has a double bottom for water ballast built 
in the ordinary manner. The frames are usually of deep bulb angles, 
and extend vertically from the bilg& — where they are bracketed to 
the inner bottom side plating — for a considerable distance up the 
vcsst?ra side. Several feet before reaching the deck, however, they bend 
inwards and are directed diagonally to the base of a deep fore and aft 
girder. This girder is continuous all fore and aft underneath the deck, 
but in way of all hatches it projects above the deck, forming the hatch 
eojmxings (see i\g, 103). 

Extenially, this vessel differs little, if any^ from the ordinary type^the 
upper deck being the full breadth of the ship* To carry this deck, frames 
of smaller section are bracketed to the knuckles (the bend previously 
referred to) of the main frames, and kneed to the deck beams in the usual 
way. The beams at the sides of the hatches are bracketed to the coaming 
plates and to the heads of the main bulb angle frames, flefereuce to the 
midship section, fig. 10^, sliows that the outside sheU plating is carried up 
to the deck in the usual way, passing vertically over the junction of the 
deep bulb angle frames and the smaller frames abo%*e. At the dcek 
stringer the connection presents no unusual feature. But, as indicated In 
fig, 102, the space between the main bulb angle frames, the outer frames, 
and the deck is arranged for the carriage of water ballast. Two sides of 
this water ballast space, as pointed out, are enclosed bj the outside shell 
plating and the deck plating. The watertight boundary on the other side 
of this triangular space is effected by the plating on the main frames ei- 
tenduig continuously from Just above the knuckle bend to the fore and 
aft deck girder aforementioned. The connection of this imicr ^Wtivo^ V» 
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the outside shell plating at the lower extremity, is wrought by carry- 
ing the plating horizontally — supported upon brackets riveted to the 
knuckles of the main frames, and by a continuous angle to the outer 
shell plating — for a distance of about 2 feet, at which point it strikes the 
main frames. 

It will now be understood whence comes the term ** cantilever" as 
describing this system of construction ; the deck and hatch coamings are 
carried by the cantilever made up by the formation of the upper side 
ballast tanks — the over-reaching main bulb frames, held at their heads 
by the half beams to which they are thoroughly bracketed, and carrying 
on their ends the continuous fore and aft girder, which, in its turn, forms 
the hatch coamings. The great strength developed by this framework, 
covered on all sides by steel plating, accoimts for the non-necessity of hold 
pillars and a tier of 'tween deck beams, while the deep bulb angle frames 
dispense with the necessity for a tier of hold beams. All the foremost 
classification societies class these vessels. 

This system of construction possesses other advantages than even the 
conspicuous one of clear hold spaces. These may be briefly enumerated 
as follows : — 

(1) Greatly increased water-ballast capacity, amounting to nearly one- 
third of the total deadweight. Even sea experience is not required to 
understand the terrible plight of a modem bluff-ended cargo steamer, with 
box-shaped midship section, in a gale, under-ballasted. She sits like a 
balloon on the surface, with only slight immersion, and consequently little 
grip of the water, and only intermittent effective advantage and use of 
the propeller, racing, as it does, a large proportion of its time out of water. 
In conjunction with judicious proportions of depth to breadth, the 
" cantilever " vessel is more efficiently ballasted for the insurance of good 
behaviour at sea in an unloaded condition, than would be the case were all 
this water ballast laid along the bottom. The ballast is pumped up in the 
ordinary way, and by simply opening sluice valves the tanks are self- 
emptying. There is also the advantiige of the water ballast being 
distributed over the vessel's length, and not concentrated locally, as in the 
case of midship deep tanks; this obviates abrupt stresses. While the 
space occupied by the side ballast tanks is lost, as far as being available 
for cargo is concerned, yet it is well understood that this is the very 
space in the hold of an ordinary vessel which is most difficult to 
efficiently fill with bulk ctirgoes, such as grain, coal, etc. Against the loss 
of this least valuable hold space must be placed the consideration that 
this water-ballast space is not included in the vessers register tonnage, and 
is therefore exempt from tonnage dues — this, of course, only on condition 
that it is exclusively a water-ballast space, entered by manholes only. 

(2) No trimming expenses. 

(3) The system of construction permits of long, broad hatches beinir 
introduced. The hatches in fig. 101 are 30 ft. wide. The necessity for 
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numerous portable and deep transverse webs should not be overlooked. 
See figs. 101 and 102. 

(4) The full width of deck area is preserved, which is a consideration 
ill the event of carrying deck cargoes. 



Some New Features in Modem Shipbuilding. 

While several changes and improvements have tjiken place in recent 
years in many of the details of ship construction, probably the greatest 
and most startling of these changes, and, it may be truly said, improve- 
ments, have taken place in a number of vessels designed by Mr H. B. 
Wortley for the Ocean Steamship Company of Liverpool, managed by 
Mr Alfred Holt. When first these innovations wore propounded, they 
were looked at in consternation by many experts; but the fact that a 
number of these vessels have been built, and have sailed several round 
voyages to China and back in all weathers and seasons, and have had 
unstinted praise lavished upon them by the men who have handled 
and mancDuvred them, in addition to the compliment that some of the 
features have so commended themselves to practical shipowners that 
they have reproduced them in their new vessels, proves that the advance 
is in the right direction. The prhicipal innovations referred to are as 
follows : — 

Ist. No sheer. 

2nd. More widely spaced transverse framing. 

3rd. The substitution in the main hold of two pillars instead of the 
usual numerous stanchions, and a modification of the same system in the 
other holds. 

4th. The usual form of stem frame for single-screw vessels dispensed 
with, thereby enabling the shipbuilder to get rid of much useless material 
(and hence weight) in that locality, known as the dead-wood in wooden 
vessels, at the same time improving the steering qualities, while a special 
arrangement has been introduced to carry the rudder, which also is of 
specical design. 

5th. Cement. The bottom of the vessel inside the ballast tanks is 
not cemented. 

Ileference to figs. 104, 105, 106, and 107 graphically illustrates most of 
the points just mentioned. It is advisable, however, to look more particu- 
larly into the features or innovations just enumerated in order to determine 
more fully what results are entailed in their adoption. 

Ut Sheer, — That sheer is not given to a vessel for purposes of strength 
should be clearly understood, for while increased depth over the midship 
length undoubtedly contributes to increased effective longitudinal strength, 
yet the increased depth which sheer gives towards the extremities is utterly 
useless for this purpose, as the longitudinal bending moments decrease 
from midships towards the ends. 
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The value of sheer lies in the increased reserve buoyancy which it 
provides towards the ends of a vessel, affording increased lifting power, 
when she is labouring among head or following seas, which in tuni means 
a drier deck, and greater protection to the crew. Consequently vessels with 
less than the Board of Trade standard sheer are penalized by having 
the freeboard increased, while vessels with sheer in excess of the standard 
obtain a reduction in freeboard. Spar and awning deck vessels are ex- 
ceptions to this rule. 

Now if by any other means a vessel can be provided with ample reserve 
buoyancy at her ends, the same purpose for which sheer is given will be 
served, and it will be better from a structural point of view to take the 
increased depth which a certain sheer would have provided, and add it 
uniformly all fore and aft to the depth of the ship. By this means not 
only is the total amount of reserve buoyancy above the upper deck 
maintained, but, as previously poiutcd out, the longitudinal strength of the 
ship is effectively increased. 

In these special vessels with which we are dealing, the necessary reserve 
buoyancy at the ends is abundantly supplied by means of a high poop and 
forecastle (about 9 ft.), which cover a considerable length at each end. 
Sheer is therefore unnecessary. 

In addition to the aforementioned erections, a well-constructed and 
efficient bridge covers a considerable portion of the middle length, including 
the engine and boiler openings. In order to avoid the appearance of 
being " hog-backed," which might result from a horizontal deck, a sheer 
is given to the bulwark line only, the sight edge of which is continued 
from stem to stern. 

Snd, Widely-spaced Transverse Framing, — Whether a load line be 
assigned to a British vessel by a registration society or the Board of 
Trade, as previously stated, she must come under the test of Lloyd's 1885 
Rules. It is therefore reasonable to expect that, if the transverse frames 
be more widely spaced than is specified in these rules for any particular 
size of vessel, compensation, or, in other words, equivalent strength, must 
be introduced, and this is done in the vessels we are describing in the 
following manner : — 

First, — ^As the transverse frames are spaced 36 in. apart instead of 
27 in. — the maximum given in Lloyd's present Rules— the required 
transverse stifiiiess is obtained by increasing the depth of the framing; 
and as these ships are built on the deep frame principle, this is easily done 
by increasing the depth of the athwartship flanges of both the frame and 
the reversed bar. As fully described in Chapter V., in dealing with the 
strength of girders, an increase in the depth of the deep framing not only 
increases the sectional area, but the moment of inertia also in a greater 
proportion than the sectional area. So that although the individual frames 
are heavier, their decrease in number ought to result in a lighter total 
weight of framing. 
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Second, — If widely 8])acod transverse frames be adopted in ooxnbination 
with the ordinary longitudinal framing, greater areas of unsupported shell 
plating would exist over the whole of the immersed surface of the hull, aod 
the tendency would he for the shell plating to fall hollow, owing to the 
enormous pressure to which these areas would be subject. Something must 
therefore be done to provide the necessary rigidity. This can bo effected by 
somewhat reducing the sectional area of the large, cumbersome side stringerB 
required by rule, and compensating for this reduction by fitting additional 
side stringers of a more compact form. In this way the longitudinal 
strength would be preserved, while, at the same time, such strength would 
be more imifonnly distributed, thereby reducing the area of unsupported 
shell plating. Fig. 105 shows an excellent arrangement of side stringers. 

Every strake of shell plating has a stringer upon it, extending through- 
out its whole length, thus converting each strake with, its accompanying 
stringer into a combined girder. The excellence of such an arrangement 
needs no further comment. 

Third, — When the foregoing system of adopting additional longitudinal 
girders in combination with widely siwiccd transverse framing is not carried 
out, the required stiffness to the shell plating can only be obtained by 
increasing its thickness. Indeed, in the Boanl of Tnide Freeboard Tables 
and accompanying Rules, the following jwmgraph is found relating to 
this aspect of a vessel's strength : — 

" If the frame spacing be increased one-fourth, the thickness of all the 
plating, excepting garboard and sheer strakes, should be increased by o^^th of 
an inch over the thickness recjuired in the standard ship. Other increases 
in spacing should be dealt with in the siime proportion." 

Srd. Hold Pillars, — Pillars, or some substitute for the same, are an 
absolute necessity in all ships. In vessels of comparatively small beam, 
middle line pillars alone are sufficient ; but in larger vessels having greater 
breadth, the beams (decks) re<iuire additional 8uj)j)ort between the middle 
line and their connection to the fnimes. In ligs. 104 and 105, which illustrate 
a vessel of 52i ft. in breadth, both middle line and side or quarter pillars are 
required by Lloyd's Rules ; but, as shown in the diagram, these are entirely 
omitted, with the exception of those shown in the profile, which are of 
exceptional construction and strength. In the main hold, which is the 
longest in the vessel, two hollow plate pillars, 21 in. in diameter, support 
the deck, the supporting strength being distributed throughout the length 
of the hold space by a very strong box girder well connected to the deck 
and beams and to the bnlkhejuls by means of largo bmckets. 

The thrust of these two pillars is distributed over the bottom of the 

vessel by means of a stool to which they are connected by angle rings the 

stool in its turn being well connected to the inner bottom (see figa. 104, 
105, and lOG). 

The main 'twtcndcck |)ilhirs are 12 in. in diameter. They are 
connected to the deck at their lower extremity by an angle ring, and to 
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the upper deck by a girder mad^ up m shown in fig. 55 of plateB and 
ehannol bars. This girder comes alojtgside the upper deck haU^h coaming 
plate^ which itself forma one web of the girdur, and is extended along the 
upper deck over the full length of the main hold, sio aa to rest upon the 
bulkheadi* at the extremities of the tipoee. A couple of angle bara jilong the 
top edge of this plate (excepting in way of the batch) iidd additional 
stiffness to the girder. The continuity of these deck girders or stringers is 
preaerved all fore and aft, though somewhat modified in form on account of 
the shorter lengths of the remaining holds. For a similar reason, a modi- 
fication is made in the construction of the pilJam in these holds. As shown 
in ligs. 105 and 106, these are made up of two channel bars, assisted at 
intervals in their height by plate tie«, and well connected to the de^k 
girdera and Uink tup by means of large brackets at the upper and lower 
extremities. 

The 'tween-decfc pillars for tlieae holds arc made of solid round iron, 6 in. 
in diameter, with large palms to Iwth their feet and heads, thereby permitting 
a good rivet connection. 

J^h. Stm'ti Arran^mimt. — The great innovation in the arrangement of 

the fltem for the efficient support of the propeller, and in the construction 

of the rudder and the manner in which it also is supported, is clearly 

illustrated in fig. 107. Unlike the ordinary stern frames in single-screw 

\ Bteamers, both forglngs and castings are conspicuous by their almost entire 

I mbiatice, the only item of this kind being a comparatively small steel casting 

ffor the boea, Thia extends, as t*hown in fig. 107, from a watertight flat 

huniediately alxive the boss to the lowermost extremity of the aftcnaoet 

watertight bulkhead, and is riveted to both the watcTtiglit flat and the 

balkhead through palms on the casting. 

The remaindi^r of the propeller aperture arch is constructed of \i 
U-shaped Siemens-Martin ateel plate 1 in, in tbickueas. By this 
arrangement, both the longitudinal and tnins verse framing are thoroughly 
connected to the stern plating as shown by the detailed skotchea in fig. 107. 
Such an arrangement at once dispenses with a very considt*rable amount 
of weight, and makes the stnieture of the stern a thoroughly combined 
and compact one, and experience has proved these vessels to be remarkably 
free fnnn vibration. Loose rivets, so prevalent in ordinary stern frames, 
have so far been practically unknown. 

The stern post proper, upon which the niddor is shipped, consists of a 
wnnight iron tul>e, 1 in. in thickness and 21 in. in diameter; and to aflbrd 
addititaial strength to the lower p^rt of the |)0tit, where most of the stress 
from the rudder is sustained, a doubling or liner of the same thickness is 
fitted. 

The rudder also is of unusual di^ign- It contains no forgings nor 
cjistings excepting in the neighlxjurhood of the coupling, where a steel 
casting is neoesaary in order to obtain an efficient connection with the 
rudder stock. Apart from this, the rudder is entirely made of ^lat^^;^ 
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and angles (see fig. 107), and is designed to offer the least resistance to 
propulsion. 

This rudder possesses the further advantage, owing to its form, of 
having the interior accessible in every part. The socket in the rudder 
into which the bottom of the stern post fits, is made of Siemens-Martin 
steel, with a white metal lining for a working surface. 

For this construction of stern frame and rudder, it is claimed that a 
saving of at least 10 tons of weight is effected in vessels of this size. 

These ships have proved exceptionally easy to handle, and thus the 
arrangement just described, in addition to its structural efficiency, enhances 
mancDuvring powers. 

ftth. Cement. — A. great saving of weight is effected in tliese vessels 
by the disuse of cement as ordinarily applied in cellular double bottoms. 
The inner surfaces of these tanks are well preserved by being coated with 
cement wash only, which must naturally be renewed periodically. 

The use of cement lias been more fully discussed in Chapter VITI., 
which deals particularly with the subject of " Maintenance." 



STEAM COLLIER. 

One of the essential features in mcxiern stoam colliers, especially if 
engaged upon comparatively short runs, is that, tis nearly as possible, they 
be self-trimming. To obtain this condition, very large hatches with deep 
coamings are necessary. Figs. 108 and 109 illustrate a typical vessel of this 
chiss, built by Messrs S. P. Austin &. Son, Ltd., Sunderland. Another 
desirable feature, in view of tlie heavy wear and tear to which they are 
subject, is, that the structure be of a thoroughly substantial character, while 
at the same time the system of construction should be as simple and com- 
pact as possible, leaving the holds as clear as consistent with structural 
requirements. 

In the ship referred to, the framing is of an ideal character. Deep 
angle bulbs, in conjunction with the very compact form of side stringers 
shown in the midship section, fig. 109, compensate for reversed frames and 
a tier of widely-spaced hold beams — the vessel, because of her depth, 
belonging to the " two deck " class. Pillars are entirely dispensed with in 
the way of all hatches, support being obtained in lieu of these by largo 
bracket plates, as shown in fig. 110, and spaced as indicated in the profile. 
These act as both struts and ties. In addition to these, extra deep 
bracket knees (see fig. Ill) are fitted at the ends of each hatch, which, 
in conjimction with the extra strong (and pillared) hatch end beams to 
which they are attached, afford a further efficient means of carrying tho 
deck and hatch coamings. 

As the deck area is considerably reduced in way of all the large 
hatches, and as so many beams are cut in way thereof, it is necessary that 
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juMition.il stn*ii;;th hv intnKluccHl lx>tli transversely and longitiidinallj. 
Tliis is (lone ay follows: — IU.«tworn the forecastle and the bridge, aod 
iK'twotMi the hridixc and the ixh»i), the hiilb angle frames are made J in. 
deeper than (»lsewhen% and .}^^i\\ in. thicker. The deck stringer is increased 
in breadtli and tiiickness, and all the dt»ck plating between the gmiwale 
and the hateh side is of strin«rer thickness. The sheer strake is doubled 
from two fnunc spaces within lH»th engine and l)oiler room bulkheadsi 
to the half len^rth on each side of aniidshii>s. The great strength introduced 
by well-const ruetcd and efficiently connected deep hatch coaiuiugs of 
considerjd)le length is apt to ])nKliice working or buckling in the deck at 
their ends where this girder strength abruptly terminates. Hence it is 
necessiiry, in a vessel of this tyiK', to nmintiiin the fore and aft hatch 
coaming strength continuous, by making the ginler continuous from the 
fore enrl of the fore liatch to within the bridge for, say, three frame spaces 
and tapered otf, as shown in fig. lOS ; and similarly in the after well, from 
the p(H)p bidkhead to within the bridge. In oixler to increase the efficiency 
of these fore and aft ginlers, a large, single angle, 6 in. x 6 in., permitting 
of donbh* riveting, is ust'd to comiect tlu*m to the dock. 

AVithin the bridge, the strength is abundantly maintained by the 
increased (le])th of the vessel, greater sectional area of deck plating owing 
to narrower engine and boiler deck openings, steel casings for full length 
of the bridge, bridge deck plating, etc. 

The hatch coamings, as already stattnl, are of exceptional depth for 
self-trimming ]>urposes, and the ol»viou.sly necc»ssary supi)ort is afforded by 
the bulb ])late stays riveted to tin- deck, as shown at intervals in figs. 
lOS and 111. A noteworthy feature in the beam knee connections of thiif 
vessel is, that instead of lapping the beams on to the frames with the 
))racket places l)etw<'en, the three-])ly riveting is obviated by stopping the 
beam at the insi(l(» of th«^ bulb angle frames and using bracket knees 
'20 per cent, thicker than ordinarily re«juired and three times the depth of 
the beam at upjier deck, and with an increase<l numljer of rivets for 
conncH'tion hi the transverse arm of the kn(»e. Owing to no coiling l)eing 
laid on thi* tank top, the inner bottom plating is increased ^\yth in. in 
thickness. 

r.AIICK SINCLK ])\TK TYPK OF CAl^GO STEAMER. 

As a noteworthy example, illustniting the evolution in the system 
of construction of modern cargo steamers of nuKlerate size, attention is 
directed to a shelter deck vessel, figs. 112, 113, 114, and 115, built by 
Messrs Short Bros., Ltd., Sunderland. Her dimensions are: — 

Length r».P., .S73 ft. in. 

Hreadth iiK.ulded, 50 ft. in. 

Depth moulded to upper deck, 'J7 ft. 7 in. 

She is classed 100 Al at Llovd's. 
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She has a continiioua shelter rleck all fore and aft, 7 ft 6 in, above the 
upper deck. This "*tweon detikfj'Vis Bpeeia-Hy designed in order to be 
eiempt from British tonnage meiiaurtunent ; consequently there is a 
permanent deck opening in the shelter deck aft, for which temporary 
provision only is made for closing in heavy wetither (tjo cleats, turfmullns, 
or means ol battening down being permissible). At least one freeing port 
on each side below the dock opening is required for ridding the 'tween 
decka of any considerable quantity of water which may find its way 
throogh the deck opening, and, in addition, numerous senppers are 
re^^uired on each side in the upper deck for a similar reason. As the 
ehetter deck 'tween decka is not, thereforej an entirely closed-iu space — 
i.e. an absolutely permauently closed-in space with provision for efficieutlj 
battening down all batches and deck openinga^ — it is observed that this 
vessel belongs to a new type of dn^k deck vessel which has been evolved in 
recent years» though, as shown, she has a tier of very widely-spaced strong 
hold beams. Judging her purely by her depth (to upper deck), and iiitio 
of depth to lengthy the Btandani vejusel fixed for the guidance of all 
Kegistrafcion Societies by the Hoard of Trade (Lloyd's 1885 Rules) re^inires 
two complete steel deekaj and a tier of widely-spaced hold beams in addition. 
It is intended, therefore, to briefly describe the principal features in the 
construction, and to point out the compensation introduced in order to 
obtain so clear a hold space by getting rid of the obstruction of the complete 
steel deck aforementioned, with its tier of beams. 

In the first place it will bo well, perhaps, to recapitulate that the 
ship has had the transverse strengtli afforded by a tier of closely-spaced 
beams, and the longitudinal strength contributed by an ^ in. complete 
steel deck, taken from her. The balance of strength is preserved by a 
redisposition of much of the structural material, reinforced. While the 
hold beams are retained, they are lifted from the pf>sition they would 
have occupied had the three tiers of beams Ijcen fitted, so as to bo 
practically intermediate between the inner bottom and the upper deck 
beama (see fig. IH). In this new position, along with their broad thick 
stringer, they are very much more ofKcieutly located in order to aaaist the 
frames in resisting the thruat from the side pressures. Of necessity, deep 
framing (or w*eb framing) is introduced to compensate for the loss of the 
middle tier of beams. But a gi'cat factor in the transverse strength is lost 
hy the omitted steel deck. In such cases the framing is based, not merely 
upon the lat numeral obtained in the ordinary way, hut by omittiDg the 
deduction of 7 (see page 48). But as Just pointed out^ the lower tier of 
widely-spaced beams, with its broad stringer phite, is very much more 
valuable (in conjunction with the deep framing) in its new |>osition midway 
between inner bottom and the upper deck, and to this must bo added the 
immense transverse stiffuesa introduced by the broad arched webs fitted in 
way of every strong hold Ijeara, and extending from the inner t>ottom to 
the deck (see figs, 112 and 114); so that the final effect in deU^t\^\^\!<D^ 
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the HCAiitlings of the deep framing is that, while for the great omission of 
tniiiMvonie KtR'ii^th af(»n>iiientiuiic(l, tho doop framing is first abnonnallT 
increased, it \h apiiii nxluccd owing to the immense value of the arched 
webs, and lK;ttiT disiKiKllion of Rtn)ng beams and its stringer — the net result 
being a smaller deep fninio than nnjuircd under normal conditions. 

Ist numeral witli (l(?duetion of 7 = 95*99 = deep frames 91 in-x 

3 J in. xJJ in., 8i)aced 24 in. apart. 
Ist numeral witliout deduetion of 7 = 102*99 = deep frames lOin. x 

3i in. X y^ in., spaced 25 in. a|)art. 

The reduction f(;r arched webs and better dis{>osition of hold beams and its 
strin;r^*r, prcxluce dt^ep fnunes, 9 in. x 3 J in. x ij in., spaced 25 in. apart as 
jictually tilted in tlie ship (incn'ase(l, however, ^jf in. in thickness in way 
of No. 2 hutvh, because of its large size and consequent lack of through 
beam strength) — a riHluction of no less than 1 in. in tho depth of framing. 

For spacing and positions of the strong hold l>oam8y and the arched 
web frames, set^ profile, tig. 1 1 2. Then, again, the omission of a complete 
st<>el deck and its hnwid thick stringer plate is a serious loss to the strt^ngth 
of the ship considered as a complete ginler. Compensation is effected in 
this case by increasing the thickness of tho shelter and upper deck 
plating, outside shell plating, and inner bottom plating, to that produced 
by using a 2nd numeral obtained witliout the deduction of 7 (see 
page 4H). In this i)artirular ship, d(?ep bulb angle frames are used, and 
these are continuous right up to the shelt(?r deck. But it is permissible 
to reduc(> the scantling of framing in shelter deck 'tween decks, and as this 
cannot be done wh(?n bulb angle frames are used, much extra strength 
is intro(luc(?d which ought to receive consideration in valuing the whole 
ship girder. In this particular case an allowance was made in the shelter 
deck sheer strake and side plating, which are, in consequence, -g^ in. lighter 
than would otherwise be required. 

It will be observed that, while the shelter deck beams are fitted to 
every frame, the beams to the upper deck are fitted to alternate frames 
only, excepting at the sides of hatches and engine and boiler deck 
openings, where they are of smaller scantling, fitt^^l to every frame. In 
order to more efficiently carry the hatch lialf beams, the hatch side 
coaming plates arc carrie<l down vertically to the depth of tho deep hatch 
end beams, and given a (5 in. Ilange as shown. 

As pointed out in dealing with the small single deck collier, pa^e 17*5 
there is a special tendency in single dt'ck vess(*ls to develop weakness in 
the form of buckling in the deck at the sudden tennination of hatch 
coamings, engine and boiler casing coamings, and even at the ends of 
long steel deck-houses. To obviate this, it is advisjible to make this girder 
strength as continuous as possible by linking them up on the under side 
of the deck, by an intercostal girder on each side between hatches and 
inachiuery openings and deck-houses. 



TYPES OP VESSELS — SECTION IT. 



179 



,j8 STEKL SHIPS. 



TYPES OF VESSELS — SECTION IT. I 79 

BcjiiTis of special strength are fitted at the ends of all hatclies, and 
upon all side arched webs (see figs. 112 and 114). All beam knees are 
three times the depth of the beams upon which they come. Single 
pillars are fitted to every beam in the holds (4 ft. 2 in. apart) excepting 
in way of hatches, where never more than two are fitted to each side. 
The centre lino pillars are slightly reeled, giving a 3 in. space for the 
supix)rt of grain shifting boards. In the shelter deck 'tween decks the 
pillars are similarly spaced, and are situated so as to be in a direct vertical 
line with those below. 

The six watertight transverse bulklieads are stiffened vertically with 
large bulb angles 9 in. x 3 J in. x J J in., spaced 30 in. apart. In Nos. 2, 3, 
4, and 5 bulkheads, the vertical stiffbners are bracketed to the inner 
bottom plating, while, in addition, they have a semi-box beam on the same 
side as the vertical stifFeners, leaving the other side of the bulkhead 
absolutely clear for caulking. The collision bulkheiid also is stiffened 
vertically on the fore side with large bulb angles 8 in. x 3 in. x ^ in., 
spaced 30 in. apart, and horizontally on the fore side also by a plated flat 
forming the top of the fore peak tank, and two semi-box beams in line 
with the lower continuous side stringer and the panting stringer. The 
vertical stiffeners, which of necessity are intemiptefl at the plated flat, 
are efficiently bracketed thereto on both sides, and also at their upper 
extremity. The after side is thus quite clear for caulking. The aftermost 
bulkhead is similarly stiffened with bulb angles on the after side between 
the flat-topixjd after tunnel recess and the upper deck, to both of which the 
stiffeners are bracketed, while the only practicable position for the 
required semi-box beam is on the fore side as shown. This bulkhead is 
caulked on the fore side. 

Every 4th and 5th frame (wliether arched web frames, or brackets 
upon the deep bulb angle fmmes) is doubly secured to the inner bottom 
plating by the gusset plates shown on the midship section, fig. 114. 



STRINGERLESS TYPE OF CARGO STEAMER. 

One of the most striking innovations in recent years in the con- 
struction of cargo-carrying vessels is the typo represented by four ships 
built recently under the survey, and to the highest chiss, of the British 
Corporation for the Survey and Registry of Sliipping. The dimensions 
are : — 

Length B.P., 410 ft. in. 

Breadth moulded, 52 ft. 6 in. 

Depth „ 32 ft. 6 in. 

These vessels have two steel decks continuous all fore and aft, 
but up to the height of the first steel deck, side stringers have altogethei 
rlisappeared, as shown in the midship section, fig. 116. This i& vwd^sA ^ 
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stiirtling change, and, under the ban of preconceived ideaa and custom » it 
at fii^t is not easy to lielieve that the ehanga is altogtither an advanct.^ in 
the science and art of shipbiiildhig^. But two things ara certain : first, 
that Mr Kiug^ tlic Chief Surveyor to the Britiah Corporation, who carrier 
the chief responsibility for the now system, la dteturbod by no doubts in 
his own mind as to the superiority of thi^ method ; and second, that %^essclB 
of the drnienHiona given above ai"e now at eea carrying the loads for which 
they were designeii without aigns of weakness. The latter i^ the best 
known practical tost of a vessers structural eftieiency. 

While, however, the side stringere have disappeared, it must not be 
imagined that these ships have been robbed of this aiiiitunt of structural 
material, for the weight of steel in one of these vessels is practicAlly the 
same as for one of similar size and of usual construction. 

What is really claimed for this type of vessel is, that greater eoonomv 
in construction is secured by a reduction in the numlior of parts fitted^ and 
that a stronger ship for a similar weight of material is obtained than with 
the more complicated ordinary methods of shipbuilding. 

What has taken place, therefore, is aim ply thin : that a redistrihution 
of the material has been made, and that instead of the total strength of 
the ship girder being made up by the usual number of coniplicatod parta, 
some of the less essential of those parts have been dinprensed with entirely, 
and the more important and vital parts have been increasied in Btirerigth 
by additions to their scantlings. By this method a large amount of 
riveting is saved, not merely from a cost point of view, but from an 
effieieney stin3d|>oint. 

De^anpUon. — The fmmes aiifl beams are of extra heavy section. The 
frames are 12 in. channels, spaced 26 in, apart, with 4 in. fore and aft 
flanges; the flange taking the shell plating liaving extra close piteb of 
rivets. After being accustomed to seeing the inner edges or flangea of the 
frames abnndantlj tied and supported by fore and aft stringers, it is not 
easy to get rid of the idea of the possibility of " tripping ^' (Le, fore and aft 
working of the hmer ilangoa of the frames owning to unsupjiorted levorage 
from the shell plating), But^ on the other hand, when it is recognised 
that the frames are riveted to the shell by 4 in, flanges, which are one- 
third of the depth of the frame, the element of doubt begins to dissi|jate. 
The brackets to the tank side are of unusual depth. Theie not only 
afford great support to the channel frame bottoms^ but by keeping the 
latter above the round of the bilge, it is possible to put all the '• sett '' 
(slight bend to form the tnmble-home) on tlie frames w*ith the st^ueexera. 

The frames are well supported again at the two decks by the d&ep 
knees. These knees are tapered towards the frame on the upper edge go 
as to get as many rivets as reasonably poHsible through the frame. 

The shell plating is considerably increjised in thickness above the 
normal. 

To sum up, the elements of transverse and longitudinal streni^tU ara 
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MIDSHIP SECTION, SHOWING 'C FRAME SYSTEM OF FRAM 
(WITH NO SIDE STRINGERS). 
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stronger and stiflTcr, while the capacity to resist sheering stresses is 
increased. 

In the particular ship illustrated there was no rise of floor, thereby 
somewhat simplifying the construction of the double bottom, the tank 
being perfectly rectangular over the midship body. The hold pillars 
were of large tube type, permitting of wide spacing. 

"C" Frame System. 

A patent system of framing, somewhat akin to the stringerless type 
just described, and illustrated in figs. 117, 118, and 119, has been in use 
for some time past by Messrs R. Craggs & Sons, Ltd., Middlesbrough. 

The principal structural features are as follows : — The transverse 
framing is of the deep frame character and made up of two large angles. 
The inner, or the reverse, is curved round on the upper edge of the large 
tank side brackets, and, instead of terminating at the point where the 
margin plate is flanged to meet the bilge plating, is continued about a foot 
across the inner bottom plating, and connected thereto by an angle lug. 
See fig. 117. (This is not unlike a system adopted over twenty years ago 
in East Coast colliers, built on the ordinary frame system, with M*Intyre 
double-bottom tanks for water ballast, in which cases the tank side 
brackets were made of extra depth, and projected across the inner bottom 
for about a foot, carrying on their upper edge the ordinary reverse bar.) 

Such an arrangement affords most valuable support to the bilge, and 
reasonably permits of a reduction in the breadth of the margin plate, thereby 
increasing the breadth and capacity of the double bottom for water ballast 
without encroaching upon the cargo space. This method of bilge strengthen- 
ing, moreover, provides a most valuable guarantee of immunity from the 
frequent trouble experienced in this locality, due to working, producing too 
often loose or strained rivets, and ruptured tank side and bracket plates. 

In addition to this, proportionately to the extra efficiency and contri- 
bution to general strength made by this method of bilge construction, 
3om recognition is made by the Classification Societies in the direction of 
reduced scantlings of side frames, and towards a reduction in the number 
and scantlings of side stringers. Where, however, the Full " " system 
of transverse framing is adopted, as illustrated in the midship section, 
fig. 118, and in the perspective hold view, fig. 119, the extra strength 
and support furnished to the bilges and at the gunwale in single-deck 
ships (providing valuable support to the ends of the deck beams) receives 
recognition in the shape of a reduction in the scantlings of side framing, 
though, of course, in those cases where side stringers are dispensed with, 
compensation for same must be made by increased strength of transverse 
frames and shell plating, as described on page 180 for "Stringerless Type 
of Cargo Steamer," while towards this compensation the " full C " type 
makes distinct contribution. 
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It may be pointed out, that for the vessel illustrated in figs. 118 and 
119, widely-spaced centre line steel tube pillars are fitted, attached to a 
continuous girder at their upper extreuiity, and to the inner bottom plating 
at their lower extremity. In fig. 117, however, a centre line steel bulk- 
head is fitted (in lieu of the usual shifting boards), and widely-spaced 
steel tube quarter pillars. An interesting feature in this latter illustra- 
tion is the construction of the side stringers. Instead of the usual plate 
notched out for the deep framing, and fitted hard up against the shell on 
its outer edge, to which it is connected by short angles between the 
frames, intercostal angles, with hirgc tnins verse flanges, are fittod to the 
shell, and the plate is connecte<l to these angles by a single riveted lap 
joint. This method has two advantages. It permits of better riveting in 
the horizontal flange, because further from the ship's side ; and a saving in 
material is eftected, because less metal has to be punched from the 
narrower plate. In addition to this, angle bars are usually cheaper than 
plates. 

Steamers for carrying Oil in Bulk. 

The great development which has taken place in comparatively recent 
years in the exporttition of petroleum from Black Sea and American ports, 
has naturally led shipowners to consider what was the most economical 
way in which this cargo could be carried, and notwithstanding the pre- 
judice and suspicion of danger which first existed in the minds of many 
interested shipowners and others against the carrying of oil in bulk, as 
well as the difficulties which presented themselves, yet the great advantage 
over that of carrying oil in cases and in barrels led to the experiment being 
made. The first ship in which oil wjis carried in bulk was fitted out at 
the shipyard of Messrs Craggs & Co., of Middlesbrough. The vessel was 
an ordinary cargo steamer, into the holds of which huge oil-tight tanks 
were fitted, shaped to the form of the vessel. In these tanks tho oil was 
carried. Since then, a large number of vessels have been specially built 
to engage in this trade, and great developments have been made in the 
construction and adaptation of shi])s for this purpose, due in no small 
measure to the Bureau Veritas Classification Society, whose experience 
was probably unequalled in the early days of tank steamers. 

Figs. 120 and 121 are profile illustrations of two modem oil steamers 
built by Messrs Armstrong, Whitworth & Co., of Newcastle-on-Tyne, 
who haA-^e earned a great reputation in building this class of ve^ssel. 
Fig. 122 is a midship section showing the disposition of the material in 
the construction. Before briefly observing the principal features in the 
arrangement and construction of oil steamers, a few points especially 
peculiar to vessels engaged in carrying oil in bulk, which affect the 
design to a considerable extent, and need to be well remembered in the 
process of construction, may be first noted. 

1st. The gas which arises from petroleum, especially crude oiL in 
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combination with the atmosphere becomes highly explosive at a certain 
point. 

2nd. If the temperature of the oil is increased, it is subject to 
expansion. 

3rd. While, in an ordinary cargo vessel, the cargo bears directly upon 
the transverse and longitudinal framing, the weight chiefly being taken 
by the floors, in a modem oil steamer the oil extends out to the outside 
shell plating, and, like all fluids, exerts its pressure square to the surface 
against which it comes into contact. 

In addition to this, there is the increased pressure due to the inertia of 
the cargo itself, as the vessel rises and falls in her pitching movements, and, 
to a less extent, in rolling. 

4th. With liquid cargoes, like oil or water carried in bulk, there is 
always a certain amount of danger in the process of filling up the tanks, if 
the vessel is deficient in stability. Evidently, should the vessel, through 
lack of metacentric height in any condition, take a list, the free surface of 
the liquid in a partially filled tank may tend only to increase the heeling, 
for the more the vessel inclines the more will the liquid shift. 

From the principal points just enumerated, it follows that oU-tightness, 
structural strength, and stability are of the utmost importance in vessels 
carrying liquid cargoes in bulk, and suitable provision must be made for the 
expansion of the oil. Nothing is more essential than that the riveting be 
most efficiently performed, and the workmanship generally of the very highest 
character. Bad riveting spells doom to an oil steamer, for one can easily 
imagine, taking one aspect of the danger alone, what terrible results might 
accrue (as past experience has proved) owing to leaky bulkheads and the 
oil or gases finding their way into the engine and boiler compartments. 
More disasters from explosion and fire have happened to oil steamers than 
from any other cause. A loose rivet should never be caulked, but the 
rivet removed, and the hole re-riveted. It is also necessary, in order to 
obtain and maintain oil-tightness, that the very best form of rivet should 
be adopted. Two kinds of rivets have proved very satisfactory for oil- 
tight work, the pan-head rivet with the swollen neck, and the plug-head 
rivet (see fig. 140). In adopting either of these, the plating ought to be 
countersunk, so as to better receive the swelled neck. The drift punch 
must be rigorously forbidden. Blind holes should be rimed fair and not 
torn open, as so often is done with the drift pimch. The spacing of rivets 
for oil-tight work should never exceed 3 to 3^ diameters of the rivet. 

In all vessels carrying liquid cargoes in bulk in the hold spaces, the 
strain upon shell plating and bulkheads is very great, owing to the 
pressure of the liquid increased by the inertia of the cargo when pitching 
and rolling. The bulkheads should therefore be amply stiffened and 
supported. The rivets through the flanges of the frames connecting the 
shell, which largely bear the strain due to pressure on the shell plating, 
should be spaced not more than six diameters apart. 
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In al! hold spaces In which liquid cargoes are to be carriedi the middle 
line bulkhend should be fitted all fore and aft through such spaces, extend^ 
ing from the ktwjl to the deck forming the crown of the tank^ or to the top 
of the expansion trunk. This bulkhead shoidd he Btrictly oil- and water- 
tight. It is valuable because it ootitribates strength aud unites and gupports 
the dock and bottom plating, but it is most valuable from a stabilitj point 
of view J ita pritieipal function being to minimiae the shifting of cargo in the 
event of the vessel taking a slight Hst in the process of iilling up the taiiks* 
It ought never to be required for this purpose when the vessel is at fiett, 
for all tanks ought to be completely filled before proceeding upon any a6& 
voyage, however short it may be. To proceed to sea with an oil or a water- 
ballast tank only partially filled is to invite disastei-, for such display of 
ignorance has not in frequently resulted in bulkheads being torn down and 
other extensive damage wrought. A longitudinal bidkhead also reduces 
the inertia of the cargo when rolling in a seaway. Long hold spaces in a 
fore and aft direction are most undesirable in any vessel carrying liquid 
cargo in bulk, because of the rapidity with which such cargoes shift should 
the tank not be completely filled, and the great inertia which huge volutnes 
of such cargo possess. Such danger as descril^ed can easily be imag:ined if 
by any chance a vessel began to pitch in a seaway, witli a very long hold 
only partially filled- Under such circumstances, for any bulkhead to liear 
the strain would be pn^cti<l■ally inipossiblo, not to mention tlio addition^il 
danger which would arise from vastly increased change of trim and h€,<*vy 
diving which would undoubtedly ensue* Transverse bulkheads should 
therefore never be spaced at greater mtervals than between 24 and 28 ft, 
and should be thoroughly oil- and water-tight, Yesscls carrying liquid 
cargoes are especially subject to severe racking stresseB, and strength to 
encounter such is largely provided by these uumerous transverse bulkheads. 

As before stated, all bulkheads, both tninsverso and longitudinal, should 
be very strong and well siipported. Oil steamers should possess a reasonable 
metacentric height at every intermediate draught l>etween the light and load 
lines which is passed through as the tanks are being filled* In the fully 
loaded condition^ froni 1 to 2 ft» should prove a sittisfaetory mettxcentric 
height in vessels of usual proportions. No class of cargo vessel is so easy 
to manipulate in the prooess of designing, in order to arrive at a desired 
condition of stability, as the bulk oiln^arryiug steamer, because in no other 
cargo vessel is the seagoing condition so cons tan t- 

Ib order to provide ff>r the increased bulk in the event of expan^on 
taking place, a trunk-way is fitted in the *tween decks cotitinuoiisly all fore 
and aft over the main hold tanks* This is shown clearly in fig- 1 22, The 
transverse bulkheads must extend to the top of the expansion trunk- 

In order to minimise the danger of leakage, so as to prevent either oil or 
gas finding its way either into the eugtne and boiler space or cross l>unkers, 
or into any hold space used for other purposes than carrying oil, double 
bulkheads arc fitted at a distimce of not less than two frame spaces apart. 
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Both these bulkheads are oil-tight, and extend from side to side, and from 
the keel to the top of the expansion trunk. In fig. 120, where the engines 
and boilers are situated at the after end of the vessel, the two oil-tight 
bulkheads just mentioned are shown between the cross bimker at the fore 
end of the boiler room and the aftermost oil tank. The space between 
these bulkheads is called a coffer-dam. In this vessel, as the whole com- 
partment abaft of the collision bulkhead is used for general cargo, a coflfer- 
dam is again found between this compartment and the foremost oil tank. 
It is most unusual to carry oil in the endmost compartments of any 
steamer. Indeed, for vessels passing through the Suez Canal, this is 
strictly enforced ; and another regulation is that the coffer-dams be filled 
with water to their utmost extent, when carrying oil in bulk. This, it is 
hoped, will form an effective barrier against any oil finding its way through 
the coffer-dam. But even with these precautions, owing to bad riveting, or 
excessive straining of the bulkheads arising from defective stiffening, oil 
and gas have been known to percolate through the coffer-dam bulkheads 
into cross bunkers and into engine and boiler rooms. When this has 
happened in vessels where it has been customary to fill the coffer-dams 
with water, this serious condition of affairs has generally been brought 
about by part of the water leaking from the coffer-dam, its place having 
been taken by oil which has leaked into the coffer-dam and floated on the 
water, and eventually found its way into the adjoinmg spaces. Hence, that 
these coffer-dams be frequently inspected during the voyage, and their con- 
dition ascertained, is most essential. If oil is found in the space, it should 
be drawn off. Ample ventilation to the coffer-dams is extremely necessary. 
Some owners prefer to keep the coffer-dams empty, and by frequent 
inspection the ship's officers are kept cognisant of their condition. In the 
event of oil having found its way into the space, it is immediately pumped 
back into the main tank. In this case again, thorough ventilation is 
essential. Fig. 123 slvows an enlarged view of a coffer-dam in a vessel 
where the engines are situated amidships. It will be seen in the coffer-dam 
diagram that the strength of its two bulkheads is united and great additional 
support given by means of the diaphragm plates shown. In a transverse 
direction, these diaphragm plates are spaced about 3 ft. apart. In fig. 121, 
which shows the engines and boilers amidships, it will be observed that a 
coffer-dam is situated at the aft end of the engine room, another at the fore 
end of the cross bunker forward of the boiler room, another at the fore end 
of the foremost tank, and another at the after end of the aftermost tank. 
While there is much to be said in favour of placing the engines and boilers 
amidships, the great advantage of placing them at the after end is that 
they are more entirely shut off from the oil tanks, and the danger rising 
from leakage minimised. To ensure safety, the donkey boiler and galley 
must be thoroughly isolated from the oil tanks. 

The transverse frames should preferably be of bulb angle, or channel, or 
1. bars, instead of the ordinary frame and reverse bars. This redvijife^ *Oaa 
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Fig. 123. — Enlarged Viow of Coffer-dam, showing Diaphragm Plates, Trunk-way 
to Tunnel, and Ventilating Pipe. 
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riveting and secures greater transverse strength, which is a highly important 
factor in bulk oil-carrying vessels. In two-decked vessels, the second deck 
forms the crown of the main oil tanks. It should therefore be a thoroughly 
oil-tight flat. To secure this most eflectively, all the frames are usually cut 
in way of this deck, and the deck plating carried without a break right out 
to the shell of the vessel, to which it is connected by a continuous angle 
bar. This is clearly shown in the midship section, flg. 122 The frames in 
the 'tween decks are connected to the beams at their upper extremity, and 
to the deck at the lower extremity, by means of bracket knees. The ex- 
pansion trunk (see fig. 1 22) is fitted all fore and aft in the 'tween decks, and 
its sides are supported by webs of plating at intervals as shown. All the 
oil hatches on the upper deck must be strongly constructed and oil-tight. 
The spaces in the 'tween decks at the sides of the expansion tnmks are used 
as bunkers. The plan of the upper deck (fig. 1 20) shows the arrangement 
of all the oil and bunker hatches, and the plan of the second deck (fig. 120) 
shows the continuous expansion trunk-way and the longitudinal and trans- 
verse bulkheads, including the coffer-dam bulkheads. Where lines indicating 
bulkheads are shown in full, they extend to the upper deck ; and where 
such parts of them are dotted, they terminate at the second deck. 

In oil vessels of a depth such as to require three tiers of beams, the 
lower deck is usually dispensed with, as shown in the midship section, fig. 
1 22, compensation being made by means of web frames and web stringers. 
Two web frames are usually placed in each oil tank. An extra deep beam 
extends across the vessel at the head of each web frame, to which it is 
connected by a large plate knee, as dotted upon the midship section. The 
longitudinal bulkhead, which is oil-tight, extends from the keel plate to the 
top of the expansion trunk. The vertical stiffeners are of bulb angles one 
frame space apart, lapped on to the floor plates, and further connected to the 
floors and to a narrow width of dock plating through the expansion trunks 
by plate brackets. At intervals, deep web plate stiffeners are fitted. 
These are spaced to agree with the web frames on the ship's side, the 
bulkhead web plate stiffeners being bracketed to the deep plate beams 
which unite the heads of the web frames. They are also lapped on to and 
bracketed to the floor plates (see fig. 122). On the other side of the 
longitudinal bulkhead, channel plate horizontal stiffeners are fitted, spaced 
so as to be at the same distances above the keel as the web stringer 
plates. 

The transverse bulkheads are continuous from side to side of the vessel. 
The longitudinal bulkheads are therefore fitted intercostally, as it were, 
between them. 

The stiffening of the transverse bulkheads is very similar to that just 
described for the longitudinal bulkhead (see figs. 124 and 125). The 
vertical stiffeners, which are of bulb angles, are siwiced about 2 ft. apart, 
and the horizontal channel plat€ stiffeners agree with the s|)acing of the 
web stringers and horizontal stiffeners in the longitudinal bulkhead. 



1 88 



STEEL SHIPS, 



The vertical BtiffeBers arc brHcketcd, top and bottom, Bs shown la 
Bgs* 124 and 125, aod the horizontal gtiffeners of both the traQsvorsie and 

ton^itudioal bulkhcadjj aro thoroughly united bj largo brackets, &B tshowa 
iu tig. 125. 

Trang verso bulkheads, exceeding 42 ft in breadth, »hould haTc four 
vcrticiil web plate jstiffeners in addition to the longitudinal bulkhead, aad 
whei*e the breadth is le^s, two vurtioal wobsj, one on each side of the 
longitudinal bulkhead. 

Attention is drawn to the splendid stiffening which ia atlbrdeti to the 
oil tairks in the arrangement juat described by having all horizontal 
stiffenera and web stringers practically in the same horizontal plane, eaeh 
tank being circumscribed by thiB web system of stiffening. 

As the oil-tightnesSf particularly of the transiverse bulkheads, is of such 
paramoiint importance, it is usual U> cut all stringers and keelsons which 
would pa^ through this bulkhead, and preserve the continuity of strength of 
these important longitudinal girders by largo bracket plates, as shown in 
fig. 1^6. Sometimes, however, the side stringers are carried uninterruptixUy 
through the transverse bulkheads, as in fig. 125. In thb case, most efficient 
angle collars have to be fitted metal to metal to preserve watertightaeaa. 

The connection of all seams and butts in the plating of bulkheads should 
be by means of laps, double riveted throughout. A modt important poixit 
in all oil tight work is to avoid three-ply riveting^ as the tightness of such is 
not nearly so reliable. Thus, that the connection of the transverse bulk- 
heads to the shell plating and deck and to the longitudinal bulkheads be 
by means of large single angle bars, with flanges broad enough to take two 
rows of zigmg riveting, is strongly recommended (see figs, 124^ 125, 126, 
127, and 128}. 

The bi^ilkhead liners fitted to alternate strakes of shell plating are 
usually of sufficient width, so as to got one row of rivets on each side of the 
bulkhead shell bar. This, it is founds is more easily caulked and made 
watertight (see fig. 1 28). When the shell plating b flanged, as shown in 
the midship section, fig, 1 '22^ each strake of shell plating therefore bearing 
close upon the frameSt and no packing being required, the bulkhead liners 
may be fitted on the outside of alternate strakes of the shell plating (see 
fig. 1 24 J ^ but more usually the liners are dispensed with, and, by makmg the 
bulkhead shell bar of extni thickness^ a wider spacing of shell rivets is 
obtained, so m to weaken the shell as little as possible. 

That the bulkheads be caulked upon both sides is strongly recom* 
mended. In order to ensure thorough tightness at all connections, this 
should be secured by the surfaces of the metal bearing bard upon each 
other. Felt packing should, under all circumstances, be avoided in oil-tight 
work, and white lend as far as possible. The latter, however, camiot 
always bo entirely dispensed with, white lead injections being at tknea 
necessary. 

The soaina of the shell strakes should be double riveted, and iht 
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butts preferably overlapped and treble riveted with three complete 
rows of rivets. Two rivets should pass through the seams upon every 
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Fio. 127.— Showing Bulkhead 
Liner and Angle Connection 
to Shell. 




Fio. 1 28.— Bulkliead Liner. 



Fi^;. 126.— Showing a Side Stringer cut and bracketed 
to a Bulkhead (oil steamer. ) 

frame instead of the single rivet in ordinary cargo steamers, in order to 
ensure oil-tightness. If the butts are not lapped, they should bo connected, 
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by double butt straps treble rivetixi in way of all oil-tanks. When the 
engines are situated amidships, as in fig. 121, the shaft tunnel is entered by 
means of an oil-tight trunk-way from the upper deck at each end of the 
tunnel. In fig. 121 this trunk- way passes through the cofiTerdam at each 
end of the tunnel, and is itself independently oil-tight. An enlarged view 
of the fore trunk- way is shown in fig. 123. Needless to say, the tunnel 
is thoroughly oil- and gas-tight. It sliould, however, be well ventilated 
by cowl ventilators into each trunk-way. 

The gases which are emitted from the oil are of greater specific gravity 
than the atmosphere ; they are, therefore, apt to lodge about the lowermost 
recesses of all spaces into which they enter. A system of drawing off any 
such gases, and assisting in the ventilation of the tunnel, is shown in fig. 123, 
where a large perforated pipe passes along the tuimel and up the trunk-way 
to a fan which acts as a suction. 

Even when all the oil has been pumped out of the oil tanks, great 
danger still exists for the reason just mentioned, viz., that the heavy and 
inflammable gases hang about the bottom of these spaces. To rid the tanks 
of tlieso objectionable and dangerous vapours, several means are used, the 
chief being to blow out the gases by means of steam injections, and to draw 
off the gases by using the oil suction pipes with a fan. Steam injections 
are sometimes used when necessary in the tunnel. Ample ventilation 
should be provided to all oil tanks. In order that the oil may readily 
reach the pump suctions, sufficient limber holes should be fitted through 
floors and side intercostal plates, but on no account through the middle 
line bulkhead. 

Oil vessels have been built with an inner skin, but there is little to 
recommend this system, the space between the inner and outer skins being 
a harbourage for gas. When such a system is adopted, the importance of 
fully ventilating these spaces is obvious. 

See page 197 for oil steamer built upon the Longitudinal Frame 
System. 

Water-ballast Arrangements. 

It is not intended in this chapter to enumerate and discuss the reasons 
and necessity for arrangements in the modem cargo steamer for the 
carriage of water for l>alhisting purposes. This has already btoen done in 
Knmv Your Omi Ship, Suflice it to say, as every seaman knows, 
that, in these days of fluctuating freights, large vessels frequently make 
long ovor-sea voyages without cargo. And with the full bilge and small 
rise of floor so commonly given to present^lay steamers, and remembering, 
too, the great increase which has taken place in the dimensions of such 
vessels, it follows that the draught in light condition is greatly less in 
proportion, than it used to be for the finer-formed and smaller-sized cargo 
vessels of say twenty or thirty years ago. All this enhances the necessity for 
ballast when in a light condition, and as water has been found to be tho 
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most economical ballast that can be carried in steamers, it is proposed to 
illustrate the principal arrangements for the carriage of water ballast. 

"M.'lntyTe Double-Bottom Tanks. — The first occasions upon which 
water ballast was introduced into vessels were to enable colliers carrying coal 
from the Tyne to London to make the return voyage without the necessity 
and expense of loading, and at the end of the return voyage discharging, dry 
ballast. The necessary alterations in the first vessels fitted for this purpose 
were carried out by Messrs. Palmer & Co., of Jarrow-on-Tyne. In the 
system then adopted, the water ballast was carried along the bottom and 
contained between the outer and an inner bottom, which latter was laid upon 
fore and aft girders standing upon the ordinary floors, and made water- 
tight by being connected to the outside plating.* Fig. 1 00 illustrates the 
midship section of a vessel fitted with the modem arrangement of such a 
double bottom tank, in some of the smaller details the construction having 
been slightly modified from what it wcuj originally. For instance, in some of 
the earlier cases, the tank top plating was carried in a horizontal, or almost 
horizontal, direction from the top of the centre keelson right out to the bilge 
or shell plating, and made watertight at each of its side extremities by being 
connected to the shell by means of angle collars. Another system of 
making this connection is by flanging the tank side or margin plate 
similarly to the system illustrated in fig. 100, so as to meet the bilge plating 
at right angles. The watertightness is here again secured, and the connec- 
tion made, by means of angle collars. In both of these cases the reverse 
frames are cut at the tank side, and compensation made by doubling the 
frame bar (which is continuous from keel to gunwale) for about 3 ft. This 
greatly facilitates the fitting of the watertight collars. 

But the method now most usimlly adopted for the connection of the 
tank side to the shell plating is that shown in fig. 100, where the tank side 
or margin plate is arranged to meet the shell at right angles. In this 
case the main frames are cut at the tank side and the margin plate is 
connected to the shell by a continuous angle bar. This is probably the 
simplest way of ensuring the watertightness of the tank. The efficiency 
and continuity of the transverse framing is effected by connecting the frame 
legs outside the tank to the tank side plating by means of large bracket 
plates or tank knees. Hence the tank side plate must have suflficient 
breadth, so as to get a suflficient number of rivets through to ensure a good 
connection. Similarly, on the inside of the tank, large brackets connect 
the floors to the tank side plating. 

Cellular Double-Bottom Tanks.— However, since the inauguration of 
the M'Intyre tank, a very considerable development has taken place, and 
now a type of tank which is more embodied in the main hull of the vessel 
has come to be extensively adopted, though not to entirely supersede the 
M*Intyre tank. This tank is that illustrated in figs. 1 2, 48, and 92, etc. 

♦ This is known as the M*Intyre tank, as the idea originated witli Mr John 
li'Iiityre, the manager at that time of Palmer's shipyard. 
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and w known m the coUnhir (lotible-bottom water-ballast tank. 
Mi II tyre (iouhle-lwttora tank the floors are upon every frame all 
aft» and in the oarliest fomi of this tank the ends of the floors were 
up the bilge in the usual way. But in later Mintyre tanks, tl 
inside the tank have been carried in a horizontal line from the 
keelson to the intersection with the frame or tank side, and stren, 
at their narrow outward ends by bracket plates fitted to the ta: 
(see fig. 100). If desired, this tank may extend over only part of the 
of the vessel, the remainder of the bottom being of the usual const 
The tank is commonly dispensed with under the engines, and es 
under the boilers, on account of the rapid corrosion, due to dam 
which b known to take place imder the boilers. 

In the cellular double-bottom form of construction, the centre I 
or centre through-plate, is continuous fore and aft, with two lar^ 
tinuous angles on its upper and lower edges. The floors in mei 
steamers are usually solid from the centre through-plate to the tank ; 
plate, lightened by manholes as shovm in figs, 12, 48, 92, etc., etc., 
manholes are also the only means of passage through the tank. Th< 
bottom plating is laid on the top of these floors, and the margin p 
arranged at the tank side so as to meet the shell plating practic 
right angles. The floor plates are stiffened and prevented from bt 
by fitting one or more intercostal girders, according to the size 
vessel, which are connected to the inner and outer bottom plating i 
the floor plates by angle bars (see fig. 48). Or the angles takii 
inner and outer bottom may be dispensed with by flanging the 
(see figs. 83, 85 to 90). 

Where, however, the maximum longitudinal strength is desired 
side girders are commonly fitted continuous all fore and aft, th< 
plates and reverse bars inside the tank between them, therefore, 
intercostal owing to the top angles on the side girders being conti 
On account of the depth and strength of the floor plates, the 
frame bar, such as is fitted outside the tank, is not required, a 
shown in fig. 48, a smaller bar, whose flanges are of about the size 
smaller flange of the ordinary frame, is used. As shown in fig. 4 
reverse bar is fitted, as in the case of ordinary floors, on the opposit 
of the floor plate to the frame bar. The tank side is made watertig 
fitting a continuous bar on the lower outside edge of the margin pi 
as to bear hard against the bilge shell plating to which it is riveted, 
frames and reverse bars are severed at the tank side, this being necest 
order to simplify the rendering of the inner bottom watertight. Ho 
as the transverse strength must be uninterruptedly maintained, the 
legs are attached to the tank side by large bracket plates carried w 
the bilge. These are connected to the tank side by double angle ba 
at least half the length in large vessels. It may be noted that the r 
bars in the double bottom are doubled under (he engines and boilers, 
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special rigidity is required, and for the same reason, additional intercostal 
side girders are fitted. The cellular double-bottom ballast tank is usually 
divided into numerous separate watertight compartments, not only for the 
purpose of subdivision in the event of the perforation of the outside plating, 
but in order to ballast the vessel so as to obtain a desired condition of trim. 

Fig. 129 shows a modification in the construction of the cellular double- 
bottom tank, as previously shown. 

In this system, the longitudinal side girders are more numerous, and 
the floor plates are only solid upon alternate frames. On the intermediate 
frames, brackets are fitted to the centre through-plate and the tank side. 
The connection of the tank side to the frame legs is identical with that 
previously described for the more ordinary cellular double bottom, brackets 
being fitted to every frame. A point to be noted in this form of con- 
struction is, that whereas in Board of Trade standard vessels with cellular 




Fig. 129. — Cellular Double Bottom, constructed with Solid Floors upon alternate 
frames, and Bracket Plates upon intermediate frames, as shown in this sketch. 

double bottoms having solid floors to every frame, when the shell plating 
in way of the double bottom is i}^ths or more in thickness, a reduction 
of 7^|fth is permitted ; no such reduction is allowed where the floors are 
not solid upon every frame. All double -bottom tanks are entered by means 
of manholes in the tank top plating, which should be sufficiently numerous 
and sitiiated in such positions as will give the easiest access to every cell or 
compartment in the tank. At least one manhole should therefore be cut in 
every solid floor plate between the longitudinal girders, whether intercostal 
or continuous, and, at intervals, manholes should be cut in the side girders 
also; but as the centre through-plate is a most important item in the 
longitudinal strength of the vessel, iipon no account should it be perforated 
by manholes, as this would seriously interrupt the continuity of its strength. 
Indeed, in some vessels the centre through-plate is perfectly watertight, 
for part, if not for its whole length. 

Fore and After Peak Tanks (see figs. 46, 47, and 49, etc.).— As the lower 
spaces on the fore side of the collision bulkhead, and on the after side of the 
aftermost bulkhead, are both inconvenient and unsuited for the carriage of 
cargo, and ill adapted even for ship stores, it has become common in steamers 
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to uae one or botli of these spaces in which to qhttj water for trimming 
purposes. It h Bca-rcel j corrc^ct to call them balbiiit thinks, for their capacity 
IB comparatively so small that the weif^ht of water they contain produces 
very slight increase in the mean draught, but the filling of one of them 
produces conaiderahle change in the trim, situated as they are eo far from 
the centre of gravity of the ship. Hence, in a light condition, the Bllitig 
of the after-peak tank may considerably contribnto to tho immersion of the 
propeller, though there foltowB the natural objectionable result of the bow 
being lifted correepondingly out of the water* The fact must not be over- 
looked, that when these tanks are made very large, containing, as they do 
in some cases, over 100 tons of water, they are liable to produce straining 
when the ship pitches in a seaway in the light eonditton. In any case, the 
bulkhead separating these spaces from the hold a will be watertight, though, 
when the peaks are intended for water ballast^ these bulkheads should be 
especially strengthened. In addition, the deck forming the top of such a 
tank must also be watertight It must therefore be constructed of iron 
or steel, and if tho space complies with the conditions necessary for ita 
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deduction from the British tonnage, it must he entered only by meanB of 
a manhole in the deek plating. Aa there is always the danger of theee 
tanks being only partially tilled {it should be rigorously enforced that theee 
and all water-ballast tanks be kept fidl at sea), wash plates are fitted down 
the middle of their length (aee fig. 49). 

Deep Midship TankB^ — likpecially in recent years has the pnictice been 
adopted of constructing one or more deep water-ballast tanks somewhere 
in the middle length of the vessel, usually at one or both ends of the 
engine and boiler space. Fig- 104 illustrates the position of these tanks. 
They are in reality hold spaces bo constructed as to be available for the 
carriage of cargo when required, and water as ballast when in a H^ht 
condition* They are bounded on each end by watertiglit bulkheads specially 
strengthened, and are enclosed on the top by a watertight iron or steel 
deck or flat. When these tanks extend from aide to aide of the vesBel, a 
watertight bulkbead must he Utted down the middle of the tank in a fore 
and aft direction. These tanks are entered by means of small hatchways 
through the watertight deck, which batchwajs are theQiaelves made 
watertight by meana of an iron or steel plate bolted on to their coamings. 
The steamer in fig. 49 baa a deep water-^mliast tank at the after end of tho 
engine-room* 
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Side Deep Tanks. — Instead of carrying midship deep tanks from side to 
side of the vessel, they are sometimes fitted only in the wings (see fig. 130). 
Carrying less water than they would do if fitted from side to side, they do 
not produce as much increase of immersion ; but from a theoretical point of 
view they possess a decided advantage in easing the vessel in her rolling 
motions, and producing a steadier ship. They are therefore better adapted 
for shallow high-speed passenger vessels, which carry little or no cargo. In 
such cases, an ordinary manhole is sufficient as a means of entrance ; but 
where it is desired to use these tanks for other purposes than water ballast, — 
bunker coal, stores, or cargo, — watertight hatches may be fitted. 

M'GIashan's Patent Ballast System. — The inventor of this system of 
ballasting, realizing the unsuitability of the ordinary double-bottom 
tank as a sole means of ballasting, has devised the system illustrated in 
figs. 131, 132, and 133, whereby, in addition to a cellular double bottom 
which is of the ordinary mode of construction, side tanks are built into 
the vessel's structure on the sides over the middle length. The extent 
and construction of these tanks are fully illustrated in the profile, midship 
section, and deck plans, together with the notes given upon the same, in 
figs. 131, 132, and 133. 

In the vessel we illustrate, the side tanks extend from the cellular 
double-bottom tank margin plate to the upper deck. The breadth of each 
side tank is about 27 hi., and they extend in a fore and aft direction over 
at least one-half the vessel's length amidships. The framing in the way of 
these tanks is somewhat similar to the web frame system, solid plate web 
frames, lightened by manholes, being fitted to the alternate frames. The 
longitudinal framing on the vessel's sides is composed of web stringer plates 
fitted intercostally between the web frames. The upper deck beam knees 
are riveted to the inner wall of tank plating by means of angle bars. In 
addition to the increased and improved facility for the carriage of water 
ballast in this vessel, several other advantages are gained. 

Ist. Over the midship half length, the vessel possesses an inner skin 
from gunwale to gunwale. This may prove of immense value to the safety 
of the ship in the event of the outer skin being perforated, owing to collision 
or other cause. 

2nd. The additional strength which is manifestly given to the structure 
by two vertical skins of plating on each side, supported and united as they 
are by the transverse and longitudinal web framing, fully compensates for 
the omission of the lower deck beams in the way of these tanks. This, 
in its turn, improves the conditions for stowage of cargo. The capacity 
of the hold space is somewhat reduced, but it should be remembered that 
the tonnage also suffers reduction, as it is only measured to the inner tank 
side plating ; and it is also noteworthy that a vessel built on the ordinary 
web frame system suffers from broken stowage of cargo, owing to the 
web framing, which projects 15 or 18 in. from the shell plating mto the 
hold. The construction of the vessel forward and abaft of the side tanks 
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is of the usual kind. A most important point in such tanks as these 
is that free access be readily gained to every part of the interior ; henoe 
manholes fitted with watertight plate covers are cut at intervals through 
the deck plating (see plan, fig. 132). And in order that access may be 
obtained from the hold or machinery space, manholes with similar 
watertight covers are cut through the inner wall of tank side plating. In 
addition, as previously pointed out, the transverse web plates are lightened 
by numerous manholes, which facilitate the means of passage from one 
part of the tank to another, and the longitudinal web stringers also 
have manholes cut through them for a similar reason. This is absolutely 
essential in order that the tanks may be frequently, and as easily as 
possible, examined inside, and measures taken for their maintenance. 
In other respects, these vessels are similar to an ordinary cargo or 
passenger steamer. 

The foregoing are the principal arrangements for water ballast in 
use at the present day. See also the special arrangement of upper side 
water-ballast tanks fitted to the "Cantilever Framed Self-trimming 
Steamer," page 166, and figs. 101 and 102. Also see special double-bottom 
water-ballast tank, illustrated in fig. 90, and described on page 158. 

By the Merchant Shipping Bill which came into force in June 1907, cdl 
bonorfide water-ballast spaces, entered only by means of manholes of 
ordinary size, may be deducted from the gross tonnage on application 
being made to the Board of Trade. Every encouragement is therefore 
given to the efficient ballasting of sea-going vessels. 
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SECTION m. 
Longitudinal Framing. 

The Isherwood System. 

In the days before iron and steel were so extensively used in the work 
of shipbuilding, and 8hii)s were principally built of wood, there was no 
practical alternative (since the outside skin planking, as well as the inside 
planking and deck planking, had necessarily to be laid longitudinally) but 
to arrange the framing of ships transversely. Thus wo find in such craft 
that the floor timbers extend at right angles to the keel from bilge to bilge 
— thence up the vessel's sides to the gunwale, under the name of frames 
or top timbers — ^the docks being laid upon transverse beams connected to 
the timber heads. Such framing (except in way of the hatches) was con- 
tinuous round the whole internal girth of the vessel, and made what was 
known as a complete transverse frame. 

The history of shipbuilding dates back several thousands of years, but 
the progress and development crowded into the last hundred years vastly 
eclipse all previous progress. Wood has given place to iron, and sub- 
sequently steel, for ship construction. Propulsion by sail has almost 
entirely been superseded by propulsion by steam, while in point of size the 
advance has been no less remarkable. A century ago, 200 ft. was the length 
of a large ship, but to-day ocean liners reach 800 ft. from stem to stem. 
So long as vessels were of comparatively short length and built of wood, 
the transverse system of framing was the only practicable method of con- 
struction. And even when iron first began to be used for the construction 
of the hulls of ships, this system of framing — i.e. transverse frames spaced 
20 to 30 in. apart (see fig. 6), assisted by longitudinal girders — had much 
to recommend it — simplicity of construction and comparative importance 
of transverse strength in short vessels being prominent factors. 

But as. ships increased in size, and lengths reached to three, four, five 
hundred feet and upwards, the longitudinal strength became a matter of 
vital importance. 

Nevertheless, so ingrafted have become the ideas and deep-rooted the 
association of framing ships on the transverse system, due doubtless to 
centuries of unchanging practice, that, while fully recognising the impor- 
tance of efficient longitudinal strength, we have, with little exception, clung 
tenaciously to old custom, and our largest express steamers to-day are 
built on much the same principle as the wooden craft of a century ago. 

The most wonderful ship of last century was beyond doubt the " Great 
Eastern '* (see figs. 78 and 79). In point of size she was a tremendous 
advance beyond anything preceding her, and in point of construction 
Brunei and Scott Bussell showed a grasp of the true Qrlucv^lo^^ ^^ ^^«^^ 
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eoiiBtructioii boyond which, ovon in our day, wo ha?o made no advaai^a 
With all our receut development*!, the "Great Ea«ten^" amid hei 
surrounding disupjK>intnient and fa-ihire, stands out as the most wondcrfuJ 
achiovemoDt in the history of naval architecture. Her designers reiilised 
the fact that in vessels of great length the longitudinal stit^ngtb 
demanded fir$t couaideratioo in ship construction; hence the ** Groat 
EiWitem" was built entirely upon a longitudinal system of framing, which, 
as generally ackntjwledged, is the ideal system of framing for long vesaelfl. 

Notwithstanding the magnificent iUustration which the *' Great 
Eaatern " affbi'ded in structural design, she stands a solitary example of a 
great achievement exercising little immediate influence upon the strueturo 
of ships, excepting that in large war vessels it is customary to adopt 
continuous longitudinal girders along the bottom and bilge, standing upon 
the outside plating \ while, to a much more limited extent, continuoua 
longitudinals, similarly located, have been introduced into cargo and 
pasienger steamers. (See description to figs. 57 and 105,) 

Nevertheless, the "Grejit Eastern" has furnished a moat valuable 
standard for istrength comparison in the development of vessck of great 
length, until to-day she, in turn, is viistly eclipsed in sisic by a coosiderablo 
number of Atlantic steamers. 

Several causes have probably combined to retard the adoption of a 
general mode of construction based u|X)n a system of longitudinal framing 
— fear of increased cost produced by coutomplated increased diiiieulty in 
construction and protracted time occupied in building, general reluctanoe 
to adoption of radical change in system of construction, etc, etc. 

However, the question has recently been courageously grappled by 
Mr J. W, Isherwood, lately of Lloyd *8 Register, now a member of the ship^ 
biulding firm of Messrs K Craggs h Son% Ltd., Middlesbrough, and hti 
has patented a system of construction in which the framiug is ei$Beutially 
longitiidinaL It is claimed that by this method of construction a skiving 
in weight of material is effecteii, producing at the same time a stronger 
vessel, the strcHses being considerublj less on the top sides than in a vessel 
of similar size built to ordinary registration societies^ requirements, and, 
further, that simplicity in constniction is aecnred. Figuret^ 134, 135, 136, 
137, 138, and 139 all illustrate this method of construction. This new 
system particularly lends itself to the construction of vessels carrying oil 
in bulk I and it is a noteworthy fact that the first ship constmcted on this 
principle is an oil steamer built by Messrs R. Craggs & Sons, Ltd*, Middles- 
brough. Fig. 134 is the profile and fig. 135 is the midship section for 
this vessel. She is classtd 100 Al at Lloyd's, and also receives the 
highest class with the British Corporation and Bureau Veritas Societies. 

The engines arc situated amidships, with a eofiferdam at each end of the 
inachiuory space. The other cofferdams, and the arrangement of the oil 
compartmentiA, arc as shown upon the i>rtjfile. A double-bottom water- 
ii^iilast tank ejitemls xnider enginen and boilers only. 
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As usual, an expansion trunk extends over the whole length of the oil 
compartments, and in order to preserve continuity of strength the trunk 
sides are continuous through the bridge. 

The principal features in this system of constniction may be described 
in comparatively few words, because of its obvious simplicity. 

First. — The necessary transverse strength is provided by a series ol 
" transverses,'' composed of deep webs of plating spaced 12 or more feet apart 
in ordinary cargo vessels (see fig. 139; see figs. 134 and 135 for spacing 
in oil steamers), forming continuous transverse girders round the whole 
internal circumference of the vessel ; each transverse, therefore, embodies 
the function of a very strong frame, beam, and floor, and is directly attached 
to the shell plating and deck (see figs. 135, 136, 137). They are made of 
sufficient strength to resist the whole collective water pressure on the 
sides and bottom. 

Second. — In conjunction with these widely-spaced trans verses, numerous 
longitudinal frames, preferably of bulb angle section (though Z's or 
channel sections may be adopted), run continuously fore and aft through 
the deep transverses (having slots in them to admit of the longitudinals 
passing through), and bear hard upon both shell and deck plating. 
These provide for the necessary support to the shell plating and deck 
plating in between the transverses, and at tlie same time contribute 
enormously to the longitudinal strength of the structure. In. conjunction 
with the shell and deck plating, these longitudinals provide the necessary 
longitudinal strength. 

Such, in brief, are the salient features in the structural design. In 
order, however, to convey a more comprehensive idea of the manner in 
which the transverses and longitudinals are erected and combined in order 
to develop their structural efficiency, we shall proceed forthwith to enter 
somewhat more fully into the detail of their structure. 

Transverses and Longitudinals.~As already stated, the transverses 
are usually spaced about 12 or more feet apart. This spacing, however, as 
well as the breadth or depth and thickness of the webs, depends upon the 
size and type of ship, and upon the number of decks to be fitted. 

A singl^eck ship would require comparatively deeper transverses than 
a vessel of the same dhnensions but fitted with an intermediate deck or 
decks. The numerous transverse bulkheads required by oil-carrying 
steamers particularly lend themselves to this system of construction, each 
such bidkhead taking the place of one of the transverses. The profile, 
fig. 134, illustrates such a ship. In order to obtain the necessary efficiency 
in the transverses to resist athwartship bending or change of form, the 
plate webs are further stiffened by double angles (or single angles of 
equivalent section) on their inner edges, and are connected to the shell by 
double angles (or by single angles double riveted (figs. 135, 137, and 139). 
And further, each transverse, clear of the hatchways, is supported vertically 
at the centre line in ordinary cargo steamers (see fig. 139) by a strong 
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pillar, preferably a ateel tube pillar, a suitable sBating boing fitted to the 
transverse beam for the attachment at the head. 

The lower extremity of the tube pillar ia tap riveted on to a thick 
doubling plate on the Inner bottom, over the middle line fore and aft 
girder. Should the ship have ordinary floors (unlikely in ordinary cargo 
steamers), the connection at the foot of the pillar must be made by 
riveting to a thick platCj laid on top of the transverse and the middlo line 
longitudinal. In oil steamers the middle line bulkhead, stiffened as showo 
in fig- 135, diapenaea with the necessity of fitting middle line pillars. 

While it would be quite possible to fit the longitudinal frames, along 
both bottom and sides, intercostalJy between the«e transverses, preaerving 
the continuity of strength by efhcient brackets, it is doubtless structurally 
preferable to run the longitudinals continuously from bulkhead to bulk^ 
head, continuity of strength being maintained by bracket oonnectioD^ as 
illustrated in figs. 137 and 138» 

To attach the longitudinals to the transverses by lugs (single above the 
deep bracket at half height of transverse, and double below )i as shown in 
fig* 135, is doiibtleas advantageous and desirable in oil steamers, whore the 
cargo bears directly against the shell plating. In ordinary cargo steamers, 
however, such lugs are not considered necessary (see fig, 139), In the 
latter case the shell plating ethciently binds the transverse and longitudinal 
structures in the sides, and the deck plating similarly combines the trans- 
verses and longitudinals at the deck. 

In an oil steamer, or in vessels not having a double bottom (see fig. 
135), the transverses are slightly deeper across the bottom than on the 
sides on account of the increased bottom presaures, and in broad vessels 
where no side pillars are fitted these transverses are of cxtm depth across 
the bottom, ao aa to act in conjunction with an extra deep longitudinal, 
in order to furnish the required compensation for such omission. Similarly, 
because the water pressures reach a maximimi on the bottom plating, the 
longitudinals are considerably increased in depth, talking the form of plate 
girders, with an angle on upper and lower extremities, It might here be 
remarked that the bottom structures in the oil-carrying steamer^^both 
transverses and longitudinals— are of greatly increased strength beyond 
that required for resisting water pressure, in order to reasonably provide 
for lying on the ground and for the strains experienced in docking. 
The longitudinals are, of course, also subject to longitudinal bending 
stresses, which are provided for* 

The pressure on the side longitudinals, from the bottom upwards, 
becoming gradually less as the upper deck is approached, they are reduced 
in siae accordingly ; but the uppermost longitudinals are of increased size for 
about half length nnjidiships beyond that reiiuii^ed to resist water pressure, 
on account of the longitudinal bending momenta reaching a maximum over 
tliis locality. Thus we find longituthnals Nos. I and 2, 8 x 3^ x ^^ bulb 
angle for half length amidshipe^ reduced to T x 3| k ^ bulb angle at the 
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ends; No. 3, 8x3Jx^ bulb angle; No. 4, 8x3Jx^ B.A.; No. 5, 
9 X 3 J X 3^ B. A. ; No. 6, 9 J x 3 J x ^^ B.A. ; No. 7, 9 J x 3 J x |§ B.A. ; 
No. 8, 9Jx3ix|i B.A.; No. 9, 9Jx3Jx^ B.A.; Nos. 10 and 11, 
12x^ths plate; No. 12, 13 x^ plate; No. 13, 14 x^ plate; and the 
remainder, 15 x^ plate; while the fore and aft deck longitudinals are 
7 X 3 X ^ B.A., reduced to 5J x 3 x ^ B.A. at ends (see fig. 135). 

Long angle lugs of large scantlings, attached to the bottom longi- 
tudinals passing through the transvcrses, further stiffen these deep plates. 
In the double bottom of this vessel, which is situated amidships under the 
engines and boilers, both the transverses and longitudinals extend the full 
depth of the double bottom (see fig. 136). The alternate transverses are 
fitted continuously to the middle line of the ship, and the longitudinals 
(including the tank margin plate) extend in long lengths between them. 
The remaining transverses are fitted continuously to the deep girder 
forming the tank side (margin plate), and then intercostally from there to 
the middle line. The tank side plates are fitted intercostally between the 
strong continuous transverses, and secured to them by double-riveted and 
watertight collars. 

Fig. 139 shows a midship section and perspective view of an ordinary 
cargo vessel in which the transverses are spaced 16 ft. apart. In such a 
case intermediate transverse intercostals are fitted from margin plate to 
margin plate. 

The spacing of the longitudinals may vary from 24 to 36 or more inches 
apart, according to the size or special requirements of the vessel. In figs. 
135 and 137 they are spaced 29 and 30 inches apart. 

Direction of Longitvdinals, — The profile of the oil steamer, fig. 134, 
shows that sheer is given to vessels built on this system of construction, as 
is usual in most ordinary modem ships. 

As difl&culty would probably be encountered in giving the necessary 
sett and bevel to the longitudinal bars located on the vcssers sides towards 
the ends, if these were run parallel to the deck line, the longitudinals are 
consequently fitted horizontal and parallel to the base line over the 
greater part of the vessel's middle length, but at the ends the longi- 
tudinals are allowed to take their most natural sett (see shell expansion, 
fig. 137). Immediately under the deck at the ends, where the sheer rises 
most rapidly, additional longitudinals have to be introduced, while lower 
down, in the neighbourhood of the bilge, the fining-oflf of the ends compels 
the longitudinals to converge, and consequently it is necessary to terminate 
some of these, where found to be most expedient, before reaching the 
vessel's extremities (see fig. 137). 

.Erecting Frames^ etc, — One argument has here been raised against 
longitudinal framing. In past systems the difficulty of securing such 
frames in place, and in fairing up, militated greatly against their adoption. 
These difficulties were not imaginary, but very real. The Isherwood 
system overcomes these difficulties in many ways. In the first place, 
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while t3rpically longitudinal in its character, due consideration has been 
given to requisite transverse strength, and a system of widely-spaced 
transverse girders is adopted as already described, which in the process of 
erection have been found to immensely simplify and facilitate the fitting 
of the longitudinals, the latter being lifted into the slots in the transverses 
afore-mentioncd. 

The provision of these transverses in this new system enables the 
structure to be as economically erected as in similar ships built on the 
ordinary transverse system, and surmounts the difficulties that have pre- 
vented longitudinal framing being attempted since the " Great Eastern " was 
built. A great advantage possessed by the Isherwood system of framing 
is that, unlike previous longitudinal systems, both transverses and longi- 
tudinals have direct attachments to shell and deck plating. This is moat 
important, as it enables the shell plating to be considered as part of the 
transverse girder, thus 
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Inertia of Transverses. 

In calculating the inertia of the frame girder, while D is the depth, the 
girder includes a strip of shell plating corresponding to the spacing of the 
transverses. 

The same remark applies to the longitudinals— a strip of plating 
corresponding to the spacing of the longitudinals is deemed part of the 
longitudinal girder, thus 
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Tlie actual erection of the ship illustrated in figs. ISi to 138 proceeded 
as follows : — 

The keel plate was laid and the middle line keelson fitted in position 
in the usual manner. Tlio after peak is framed in the ordinary transverse 
manner (see fig. 137), and the erection up to and including the after peak 
bulkhead was the same as in ordinary vessels. 

The two transverse bulkheads forming the short compartments aft 
were then erected and secured, following which the middle line biilkhead 
and longitudinals were fitted in position. 

The two transverses in the next oil compartment were then erected on 
one side of the ship, tunnel partly fitted, middle line bulkhead erected, 
transverses on opposite side fitted, tunnel completed, longitudinals lifted 
into position, and the next transverse bulkhead erected. The same 
method of procedure was adopted for the remaining tanks up to the 
engine-room bulkhead. 

The brackets for the attachment of the longitudinals to the transYerse 
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bulkheads were hydraulically riveted to the longitudinals; and the lugs 
upon the transverses forming the longitudinal attachments were also 
hydraulically riveted before such were taken down to the berth. 

It will thus be seen that as the erection advanced the work was ready 
for riveting up — all the framing, with the exception of the longitudinal 
beams, being in position ; and as these did not delay progress, they were 
erected as found convenient. 

Coming to the fairing up, one stout riband only was all that was 
necessary at the gunwale for securing the transverse structures. The 
longitudinals themselves took the place of ribands, and only required to 
bo secured to the lugs fitted on the transverses, and to the horizontals and 
lugs on the transverse bulkheads. No other fairing was necessary. 

Practically the whole of the framing of the structure was made to 
templates, and no trouble was in any way experienced, workmen and fore- 
men alike taking a lively interest in the new system. 



CHAPTER VII. 

DETAILS OF CONSTEUCTION. 

Rivets and Riveting — Butt Straps and Butt Laps— Keel Blocks and Launching Wayn — 
Frames, Reverse Frames, and Floors — Beams— Pillars — Keelsons and StringeiB — 
Bulkheads— Decks— Outside Shell Plating — Stern Frames and Rudders — Mis- 
cellaneous Details : Continuity of Strength, Engine and Boiler Space, Masts and 
Derricks, Panting, Hatches, Deck Houses, Poop and Bridge Front Bulkheads, 
Tunnels and Casings, Breast Hooks, Bilge Keels — Ventilation — Pumping — 
Launching. 

Rivets and Biveting. 

Quality of Riveting, — However carefully and perfectly the ship designer 
may determine the scantlings and arrange the material for the construction 
of a vessel, and however excellent may be the quality of the material, 
unless the innumerable plates and bars which go to make up the whole 
hull are most efficiently united to one another, it is impossible for the 
structure to develop its full strength without fracture at some of the most 
heavily strained connections supervening. Thus, while thoroughly efficient 
butt and edge connections should be arranged for, in so far as this is 
obtained by the amount of overlap or size of straps and number and 
diameter of rivets, everything depends entirely upon the quality of the 
riveting. Bad riveting utterly frustrates all ingenuity displayed in the 
design. In short, good workmanship is of the very highest importance in 
shipbuilding, and too great a stress cannot be laid upon this feature. Bad 
riveting has put many a shipowner to enormous expense, owing to the 
delay and cost of cffijcting repairs, and it is not altogether new to hear of 
huge ocean liners being put into dry dock in order to have their shell 
plating partially or entirely re-riveted Carelessness in marking off and 
spacing rivet holes, and also in the operation of punching, invariably 
produces what are known as blind holes. These occur where the rivet 
holes, in overlapping plates or bars, are only partially over one another. 
A most objectionable practice under such circumstances is to force a 
passage for the rivet by means of a drift punch. Such a method should 
be rigorously forbidden. The proper way in which to clear awaj 
any obstruction caused by blindness should be by means of a rimer (a 
dnJI). 
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The tightness of rivets is tested by tapping the side of the rivet head 
with a small hammer, while two fingers of the other hand rest against the 
opposite side of the rivet head. An experienced workman can immedi- 
ately detect a loose rivet. Loose rivets should never be caulked tight, 
but renewed and re-riveted. Sometimes, in testing a tank, or a water- 
or oil-tight compartment, a tight rivet may show signs of leakage ; the 
only rivet which under such circumstances admits of being satisfactorily 
caulked watertight is the plug-head rivet, all others should be re-riveted. 
It is always more difficult to obtain tight work where the riveting is 
more than two-ply. Thus, as far as practicable, two-ply riveting should 
not be exceeded. 

A number of different forms of rivets are used in the work of 
shipbuilding for watertight or oil-tight work. Rivets Nos. 6, 5, and 3 
in fig. 140 cannot be surpassed for general efficiency. Nos. 6 and 5 are 
known as pan-head rivets, and No. 3 as the plug-head rivet. Pan-head 
rivets with snap points (No. 4) are not so reliable for watertight work. 

Parirhead RiveU, — It will be observed that the pan-head rivet is of 
conical form just under the head, or, to use the common phrase, it has 
a swelled neck. The reason for this is that, when a plate or bar is 
being punched by a punching machine, the hole so punched is of conical 
form, increasing in diameter in the direction in which the punch passes ; 
and as plates and bars are always punched from the faying surfaces 
(surfaces which have to lie against one another), the neck of the rivet 
is swelled so as to completely fill the hole in the plate or bar. In 
such places in the construction of the vessel where the work must 
be watertight, but the appearance of the rivet point is not of great 
importance, undoubtedly the best result can be obtained by beating 
down the point as shown in No. 6, fig. 140, especially if the rivet hole 
be countersunk 

A countersunk rivet hole is one which has more taper than is 
produced simply by punching. It is formed by taking the punched plate 
or bar to a machine with a countersinking drill, which gives the bevel 
required. 

In some parts of the ship structure, however, it is necessary that the 
rivet point be as near flush as possible with the plating, as, for instance, 
in the outside shell plating, steel or iron decks, and top of double- 
bottom tanks. In such cases, the rivet holes must be well coimtersunk 
and the rivets beaten down, any surplus material in the rivet being 
chipped off, and the point finally beaten so as to present a slightly full 
or concave appearance. This is shown in Nos. 2, 3, and 5, fig. 140. The 
pan-head rivet with the swollen neck and countersunk point can be 
highly recommended for great holding power. The heads are laid up 
with facility, while the rivets themselves are well adapted for entirely 
filling the holes. When the riveting has been satisfactorily performed, 
reliable water- or oil-tight results are assured. 
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Plug-head Rivets, — Plug-head rivets are also capable of producing 
highly satisfactory oil- or water-tight work, though greater care is 
requisite in performing the riveting. As shown in No. 3, fig. 140, the head 
of this rivet is of conical form, and it is intended to fill a rivet hole 
which has been countersunk. In laying up the rivet head, though the 
hole should be completely filled, the rivet head must project at least 
•^ths or ^th of an inch beyond the plate. 

When this rivet has failed, it has generally been brought about by 
allowing too little projection, with the result that when heavy stresses 
have been experienced, the rivet head has not possessed sufficient holding 




L..J 



L.-J 



NP 4 N9S. N9 6. 

Fig. 140.— Forms of Rivets. 

power, and it has been torn through the rivet hole. However, where 
care is exercised, and rivets with insufficient head projection are 
condemned and renewed, excellent results are obtained. It is evident 
that this rivet is more successful where the thicknesses of the plates or 
bars which it connects are considerable, as it depends for its holding 
power very largely upon the depth of the countersinking. Where the 
material connected is thin, the pan-head rivet is preferable. The point 
of the plug-head rivet may be formed similarly to the methods described 
for the point of the pan-head rivet. Pan-head rivets have been used in 
practically every part of iron and steel ships. The plug-head rivet has 
found special favour for the inner bottom plating of double-bottom 
tanks, certain parts of the shell plating, oil- and water-tight bulkheads. 
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Snap-head Rivets, — Another form of rivet used is that known as the 
snap-head rivet (see Nos. 1 and 2, fig. 140). As the semi-spherical 
head is very neat in appearanoa, this rivet is usually adopted in such 
internal parts of the vessel as are exposed to view, and where it is 
desired to give a finished appearance, such as in engine-room bulkheads, 
engine and boiler casings, etc. It is preferable that the rivet neck be 
swelled as shown in Nos. 1 and 2, fig. 140, thus better filling the hole. 
The point of the rivet may bo either beaten down, or finished off flush 
with the rivet hole well coimtersunk. Sometimes, however, to form the 
point like the head is desired. This is done by placing a snap cup over 
the heated rivet point, after it has been put into place, and hanmiering the 
same until the head is clenched, and the semi-spherical form obtained. 
When this work can be performed by machinery (hydraulic, ^ — ^^^^ 
etc.), satisfactory results are obtained. But where the x x 

riveting is done by hand, the results are not always 
efficient, the tendency being, in hammering the snap cup 
over the rivet point, to press the edges of the rivet clase, \ — y 

and to leave a hollow all round under the newly-formed x^^^^ ^^/ 
head. At first detection is not easy, as the riveting p, f r; t H (L 
appears to be quite tight, but should water eventually 
find its way under the newly-formed rivet head, corrosion 
takes place round the edge of the rivet and in the plate 
upon which it bears, and the result is that in the course 
of time the rivet becomes loose. Owing to the uniform 
and enormous pressure obtained in machine riveting, the 
objectionable tendency just referred to does not exist. 
In any case, snap riveting is greatly inferior to that 
previously described for pan and plug-head rivets. As 
is apparent, it is much more difficult to lay up a snap 
rivet head, especially if performed by hand. 

By laying up a rivet head is meant the operation of Tap Rivet, 
holding on to the rivet head by means of a heavy y\q, 141, 
hammer, while the point is being beaten up and finished 
off, during which time the holder-on works his heavy hammer round the 
rivet head, thus thoroughly bringing it into close contact with the plate 
or bar. 

Tap RiveU, — Another form of rivet used in ship work is the tap rivet. 
Its form is shown in fig. 141. It will be seen that it has a conical head with 
a thread turned upon the length of the rivet below. Upon the top of the 
head there is a rectangular projection. This rivet is used in places where it 
is difficult to get to the back of the material being riveted, in order to hold 
on, and finish off the point ; or where it is desired to connect a compara- 
tively thin plate to a thick bar or forging (stern frame, stem, etc.). The 
outer plate is countersimk to receive the rivet head, while a thread is put 
upon the lower portion of the rivet hole. The rivet is screwed into t\m V^ 
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means of a key, and when thoroughly closed up, the projection on the head 
w chipped ofiF. 

Butt Straps, Butt Laps, etc. — The connection between two plates end 
to end is made either by fitting single or double butt straps, or by oveo^ 
lapping the plates. 

Fig. 142 illustrates single, double, and treble riveted butt lap and butt 
strap connections. 
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Single Riveted 
Butt Strap. 



Doable Riveted 
Butt Strap. 

Fio. 142. 



Treble Riveted 
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Comparison of Butt Lap and Butt Strap Connection. — Rows or strakee 
of plating such as arc found in the shell, decks, etc., are usually con- 
nected at their edges- by overlapping the plates, excepting in the case of 
yachts, where, for the sake of appearance, a flush, smooth surfaoe is 
preferred. In all cases, however, the overlap connection, when there are 
sufficient rivets properly spaced, is more efficient than the single starap 
connection. An attempt has been made to illustrate this in fig. 143^ A 
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and B. In B is shown a double riveted single butt strap ; in A, a double 
riveted overlapped butt. Suppose, in each of these cases, a tensile stress 
is experienced. The direction of the line of stress will be that shown by 
the dotted line which passes in the direction of the strake of plating 
between the butts, and at the butts necessarily through the butt strap, 
which is the binding agent. In any case when such a stress is borne, 
the tendency is that it should be exerted in a straight line, which means 
that the tendency is to bring the butt strap into the same plane as the 
strake of plating. This necessarily produces an amount of pressure 
varying with the degree of stress at the back of the butt, which, though 
thoroughly well caulked before these stresses are experienced, tends to press 
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Fio. 143.— Butt Lap and Butt Strap Connections. 



forward the plating at the butt, and open the butt (as illustrated in an 
exaggerated form, see D, fig. 79), and produce leakage. Such results 
have actually taken place in many vessels, especially in the shell plating 
at the bilge, and it has not infrequently happened that the only way in 
which this damage could be effectively repaired has been by fitting an 
extra butt strap on the outside. In this case, the stress divides itself 
between the two butt straps, producing a pressure upon each side of the 
butt which neutralizes itself and renders impossible any further working at 
the butt. This also explains why, in many of the important structural 
parts of very large vessels (sheer strake, bilge plating, upper deck stringer 
plate, etc.), double straps are fitted. The advantage of an overlapped 
butt over a single-strapped butt will be apparent on examining the butts 
in fig. 143. Here (A and C), though an equal amount of stress may have 
to be borne, no tendency to open or destroy the efficiency of the caulking 
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oxists. It may be noted that, under both tension and compression, the 
stress is borne by the rivets in tlio overlap butt, while, in the case of the 
strapped butt, the ends of the plates at the butt bear hard upon each other 
under compression, the rivets being only subject to stress under tension. 

Strength of Butt Coiinections.-^To ohserxe a few of the considerations 
which must be kept in view in arranging the rivets in butt connections 
will bo advisable at this point. Lot fig. 144 represent part of the 
shell plating of an ordinary mercantile steamer whose butts are connected 
by means of single straps in the three upper strokes, and, for the sake of 
example, by butt laps in the three lower strokes of plating. In way of 
every frome, the shell plating must necessarily be perforotod with a line 
of rivet holes round the whole girth from gunwale to gunwale, spaced 
according to the usual practice, 7 to 8 diameters of the rivet apart. 
Kspecially is it essential that no butts in adjacent strokes of the outside 
shell plating should come nearer to each other than at least two frame 
spaces, nor in alternate strokes than one frame space. This rule has 
therefore been observed in fig. 144. 

Now, assuming that a severe shearing stress is experienced, and that 
the strokes of plating are composed of continuous material without any 
butts, it follows that rupture could only take place through one of the 
lines of frome rivet holes, say, through SS. But supposing the butt 
connection at Y Y to be exceedingly weak, the rupture would then most 
likely occur by shearing the plate through SX, and shearing all the 
rivets on one side of the butt strap, and so on down the line of the nearest 
frame rivets as shown. From this, it will be seen that to attempt to 
make the butt connection as strong as the unpunched plate would be 
absurd, for, if such were possible — which obx-iously is not — in the appli- 
cation of continuously iucrciising stress as we have shown, the plating 
would ultimately shear through one of the linos of frame rivet holes. 
The efficiency, therefore, of the butt connection depends upon its strength 
relatively to the strength through a line of frame rivet holes in the 
strake of plating in which it comes. 

The minimum shearing strength necessary for the rivets on the one 
side of the butt Y Y should equal the strength of the plate through the 
line of nearest frame rivet holes, say, P P. Had the frame spacing been 
wider, or the butt straps only double riveted, there would have been one 
or more pairs of rivets in the seams between the frame and the edge of 
the butt strap. (See, for example, butt laps, fig. 144.) In such a case, 
before rupture could occur at the butt, not only would the rivets on one 
side of the butt have to be sheared, but these additional seam rivets also 
between the frame and the butt strap. The shearing strength of all the 
rivets on one side of the butt plus the additional seam rivets just referred 
to, should e(]ual the shearing strength of the plate through the line of 
the nearest frame rivet holes, or, in other wonls, the minimum shearing 
strength of the rivets on one side of the butt strap should equal th^ 
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strength of the plate through the line of nearest frame rivet holes less 
the shearing strength of the additional seam rivets. Having arrived at 
the minimum niimlxsr of rivets rccjuired for each side of the butt, they 
must now be disposed in such a manner aa to produce no unduly weakened 
section in either the plate or the butt strap. A row of closely-spaced 
rivet holes, however, cannot be avoided on each side of the butt, A A, in 
fig. 144, this being ncccssiiry in order to ensure watertightness. The 
usual disposition of the rivets in treble rive tod butt straps is shown in the 
three upper strakes in fig. 144, and also in fig. 142, No. 6. 

Tlierc are five diftcrcnt ways in which fracture may occur at such 
connections. (See figs. 144 and 142, No. 6.) 

(1) By the l:)utt strap shciiring through A A. 

(2) By the plate shearing through C C. 

(3) By the plate shearing through BB, and shearing the rivets 
in the row farthest from the butt, viz., C C. 

(4) By the butt strap shearing through B B, and shearing all the rivets 
in the line A A. 

(5) By all the rivets shearing on one side of the butt strap. 

Were the row of rivets farthest from the butt spaced as they are in 
the other two rows, another particularly weak section would be created, 
for, as we have already stated, by the plate shearing through C C, total 
separation would occur. These rivets, however, are always more widely 
spaced. For moderately small vessels, Lloyd's require that every alternate 
rivet be omitted in the back row. For large vessels, however, a somewhat 
closer spacing is required, usually about 5 to 5^ diameters of the rivet 
from centre to centre. Were the butt strap of the same thickness as the 
plating, it is clear that by far the weakest section would be through the 
line A A, fracture of the butt strap through this line producing total 
severance of the plate. However, the necessary strength can be provided, 
as is usual, by increasing the thickness of the strap, and as a result the 
sectional area of the material through this line. 

The tensile strength of the butt strap through the line of rivet holes 
A A should equal the strength of the plate through the line of rivet holes 
CO. The strength of a butt-strapped connection cannot exceed that 
of the plate through the line of rivet holes farthest from the butt. 

Thus, classification societies demand one or several twentietlis of an 
inch more thickness in the butt straps than in the plates they connect, 
over the vessel's midship length. For a similar reason, double butt straps 
should be each more than half the thickness of the plates they connect, 
while at the same time almost double the shearing strength is obtained in 
the rivets. When overlapped butts are adopted (see three lower strokes 
in fig. 144), the minimum shearing strength of the rivets is determined as 
previously described for the rivets on one side of the butt strop. As the 
rivets must be closely spaced in the row nearest to the caulking edge of 
the butt, no advantage whatever is gained by increasing the spacing oi 
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the rivets in the row farthest twm tbe caulking edge, whether the butt 
be double or treble rtvotedj as the strength of an overlapped butt joint 
eannot exeeed tlje strength of ttie pliit-es through the line of rivet holes 
nearest to the eaiilking edge of the butt. In a deck stringer plate, the 
strength of the plate in way of a line of beam rivet holes regulates the 
minimum shearing strength of the rivets in a butt joint, 

Ciasnjkatmn Societim' Mules for Rimtinfj. — ^While it is natural that 
every student of naval architecture should desire to possess an intelligent 
reason for the methods adopted in piuctice in ship construction, it maj be 
pointed out that the registration societies give very full and complete 
mforraation, not only as regards the scantlings of vessels classed with them, 
but also as regards the size, spacing, and number of rivets to be used in 
the varioiis connections. And even in the ca^e of vessels which are not 
classed with any registriition society^ the practice of the societies, at any 
rate in regard to riveting, is^ as a rule, very closely followed. Indeed^ that 
m a natural conserpiencej as Lloyd^s Rules for the year 1885 are the standard 
upon which all British vessels arc judged in being assigned a load line. 

For the sake of ilhistration, we will notice some of the principal 
requirements of Lloyd's society. 

A rule that should be observed in all rivet work ia, that no rivet should 
come nearer to the edge of any plat© or bar than ite own diameter. In 
connecting two plates or two angle bars, or a plate and an angle bar in 
auy important strnctural part, the greater thickness regulates the diameter 
of the rivet to be used. The corresponding diameters of rivets for plates 
or angles increasing in thickness is given in the adjoining table. 
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When the outside shell plating is ^ths of an inch in thiekness and 
above from the keel to the upper turn of the bilge, and inj^ths of an inch 
and above from the upper turn of the bilge to the sheer strake, the seams 
or landing edges of the strakes of plating are to be double riveted. The 
seam on the lower edge of the sheer strake must, in all cases, be double 
riveted ; for less thicknesses, the edgea may be single riveted. In double 
edge rivetiugj the space between the rows of rivets must be at least once 
and a hall their diameter* The distance between the centres of the rivets 
in a fore and aft direction should not eaccecd 4 to 4^ diaineters. 

Wlien the bntt« of the shell plating ar*5 overlapped, the butt must be 
treble rivettjd with three conjplete rows of rivets for at least one-half of 
the %*<iftsera length amidships. When the second numeral or the plating 
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number is less than 16,000, the overlapped butts at the ends may bo 
double riveted; but when above 16,000, the lap butts are to be treble 
riveted throughout. 

Between each row of rivets in butt straps there must be a space equal to 
twice, and in lapped butts twice and a half, the diameter of the rivet. In 
the other direction, the rivets in the butts must be not more than 
3^ diameters apart from centre to centre. 

When the shell butt connections aro effected by means of butt straps, 
and the 2nd numeral is above 28,000, the whole of the butt straps all fore 
and aft are to be treble riveted. When above 24,000 and not exceeding 
28,000, they are to be treble riveted for three-fourths the length amidships ; 
and when above 20,000 and not exceeding 24,000, the butts are to bo treble 
riveted for half the vessels length amidships. Below 20,000, treble 
riveting is only adopted in the butts for the more important strakes of 
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Fio. 145.— Angle Bars. 

shell plating, such as the sheer strake, and one or more bilge strakes. In 
very small vessels the butts need only be double riveted. The rivets 
through the shell plating which take the frames are spaced from 7 to 8 
diameters apart, and in order that the frame may not be unduly weakened, 
when the seams are double riveted, by there being two rivets close together 
through the frames on every seam, one of these is omitted, the one left 
being the rivet nearest to the caulking edge. (See fig. 144.) Where, 
however, the seams are joggled, as in fig. 88, two rivets are preferable 
through the seams on the frame, so that the first rivet from th^ seam 
through the frame may be quite clear of the bend on the plate. 

The butts of deck stringer plates should be at least double riveted, 
whether they be strapped or overlapped. As vessels increase in size, it 
becomes necessary to treble rivet the butts, and even to fit double butt 
straps. The spacing of the rivets in the butts is similar to that previously 
given for shell butts. The butts of a steel deck are to be double riveted 
for half the vessel's length amidships, and the seams to be single riveted 
4 to 4^ diameters apart. The rivets connecting a steel deck to the beams 
are spaced 7 to 8 diameters apart. 

In iimer bottom plating, the butts and edges of the middle line strako 
all fore and aft, and also the butts of the inner bottom plating in the 
engine and boiler space, should in all cases be double riveted. Elsewhere, 
where the 2nd numeral is 20,000 and under 30,000, the butts of the inner 
bottom plating should be double riveted for half the vessel's length amid- 
ships. In larger vessels it becomes necessary to double rivet both b\i.tt& 
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and seams for at least half the vessers Icngttr The butta of outside 
plating, d^ck plating, iimer bottom plating, arc rhain rivetcsd. In bar 
keels, stem bam, and stem fmnicsj double zigmg riveting should bo 
adopted in alt vessels. Rivets tb rough keeltionB, bilge and side stnngersj 
floors, frames, reverse frames^ beams, are spac-ed about 7 diametcira from 
centre to centre. The butt connections of angle bars are eflfeuted by fitting 
either a bosom piece, as showti in fig* 145, or a butt covering bar, as shown 
in Bg« 14, wht're a beel piece or butt covering bar covers the frame butte on 
top of the bar keot 

Keel Blocks and LauuchiEg Ways. 

Method is a most injportant facUir in the successful management of a 
shipyard, where poeaibly several vessels of different bUqb are m various 
stagea of construotion at the same time. Without a rigorously followed 
syBtem, a state of chaos wo\dd undoubtedly supervene, and groat loss 
would ensue, simply because of the time which would ineritably be wasted. 
Only those who h:ive liad actual shipyard experience know how true this is. 

Tliough a shipyard be well equipped with first- class plant and 
machinery, and thoroughly capable workmen and officials, there is a large 
amount of very important and responsible work to be completed before a 
single frame of the ship ciin be hoisted into position on the blocks. 

First of all, a suitable berth has to be chosen in which to build the 
proposed vesseL If the ground has a gentle natural declivity, all the better, 
as ia soon discovered when the work of laying the keel blocks is alK>ut to 
bo done. The ground must be firm, so that no sinkage or sliifting of the 
earth takes place when the enormous weight of a large vessel is upon it. 
To ensure a good foundation, in some cases piles of timber are driven id to 
the earth, and in other cases enormous blocks of timber, 12 in, or more 
square, are embedded in the earth, so that the uppermost surface is level 
with the ground. The baulks are laid in a fore and aft direction parallel 
to the keel line. Having secured a sure foundation, the blocks are 
arranged upon which the keel is to he laid. (Sec fig, 146.) 

Everyone acquainted in any degree ivith ships understands that when a 
vessel is so far completed as to bo ready for Ian no hi ng, what are called 
"launching ways^* arc laid under each side of the bottom between the 
bilge and keel. (See fig. 146,) 

And naturally, as a vessel is generally launched by the impetus created 
by her own weight, the launching ways must he hiid ou such a declivity tm 
will cause the vessel to Uiove by her own weight when she is freed. The 
declivity given to launching ways is usually about f in. to 1 ft., while 
the declivity of the keel blocks is made slightly less, say, J in. to 1 ft 
Consequently, where the ground has only a very slight natural slope, 
tJl© stem of the vessel gets nearer and nearer to the earth every foot i^ 
traTels ia its journey down the launching ways. It is therefore of vit^ 
importance that a sufficient height be given to the foremost keel block, to 
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ensiire that ths stem will cl^ar the ground jxmt before she makes her fin&I 
plunge into the water* Consideral>liJ damage is sometimes done bj the stem 
striking the dock or rivoraido in the opomtion of launching, simply becansa 
suflicleDt care was not taken to allow for ample clearance. Suppose the 
difitaoee from the water edge to the foremoat block to be 300 ft., and it la 
intended to make the declivity of the launching ways fths of an inch, with. ' 
a clearance of^ say, 1 ft. at the water edge (keel blocks ^ in. per ft,), the 
height of the foremost keel block will be (300x |*) + 12* = 16 ft 7| in, 
above a horizontal base line pa^^ixjg through the surface of the ground at 
the water's edge. 

But aupposing the gromid to have a natural declivity of |tha of an inch 
to 1 ft., then 16 ft. 7i in- less 300 x |"- 7 ft 3 in., the height of the fore- ' 
moat block above the ground line. (See fig, 147*) 

ThiuB the declivity given to the keel blocks, and the height of the 
foremost block, must bo determined iii conjunction with the declivity of 
the launching ways,* See further remarks upon ** Launching," p, 306, 

Lading Off.- — After the plana of a vesael have been preimred in the 
draming office, the firat man who takes her in hand is the lofisman. His 
domain is the mould loft, where, after being provided with the " lines " plan 
from the drawing oiHce, or elae carefully measured or calculated parti culam 
taken by the draughtsman from the ** lines " plan, he proceeds to reproduce 
the *' lines '^ plan upon the loft floor to actual aize.f 

* With a grouud decUvity of | in. per ft,, to lay the kcsl at a greater iDcHnaltpn 
than i in. per ft. Ib quite Tiiiiie>ccs3aTy, for if euch Wf^re done it would nmke a verj 
high, and conaeqaontly a very eipeasivBj, line of keel blocks and sUging. 

Jf the ketl blo<:ka ware litid at ^ in. per fL, the heiglit of tlie keel blocks would 
give ample head reum for rivetiug all fore aiid aft. 

The proper method of determiniDg tho slope of ketit depends on two things :— 

1st Launching the ship at Buch an angle with tba water that the baoyaiiey motoent 
should cxci^ the tipping mDin&Qt, vis.j B x J Bbould always slightly ez<:«ed G x D. 
(S«e% 2350 

2ud. As tbf^ groQud alope ie usually leas ttum the keel ^lopi^, the keel should alwmya 
be sufficiently high at the after f:ud to permit of good riveting. 

I ia* is a very commetj yard slope, (Se« particiilara n **LuHitauui" mnA 

'' Mauretanim," page 147). 
4 in, ,p ,, ket^L ,, 

I in, I, ,, launching „ 

These are in no way imperative, but are the areraga of ordinary practice for alupi 
of ahout 300 fL in length. 

Short boats (about 100 to 150 ft, in length) are ofbon kunehed with way slopos 
I ill, to 11 in. to prevent them tipping elf the way it. 

Fin€ 'lined abii^s, large yachts, and small war-ships often have j to 1 in. way dopa < 
to prevent tipping^ aud^ in addition, the waya Am run further into the nrer tlian tisaaL 

Very often the launching ways are above the bottom of the keel at the for© end. 
This ia done so as to keep the fore cradle as shallow as possible. 

It) thifi ca*w the foreshore or ground between the ways is dug out. This ii & 
patticiilarly common practice in north east coast sliipyards, See fig, 67 and }>p. 1 40 and 141 . 

t The ^*lini»i'' plauj wbiah is usually drawn to a aode of | in. to I ft., cou&ifita of 
three prindpal plana t^ 

L A profile showing the «heer| the form of the stem and iiteru, the dotiks sud 
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In addition to these plans, the loftsman is furnished with numerous 
detail plans, such as the midship section, giving the scantlings of the 
material, and drawings of the stem frame and stem bar. 

It is obvious, even assuming that the ship draughtsman has most carefully 
designed his " lines " plan in the drawing office, and endeavoured to secure 
perfect agreement between his "buttocks," "sections," and " waterplanes," 
that when the loftsman "lays off" the ship to full size upon the loft floor 
(in chalk linos upon a blackened floor), numerous discrepancies and 
unfairnesses may bo discovered. The loftsman's work is to rectify any 
such irregularities, and to produce perfect harmony and fairness in all 
lines which make up the form of the hull. 

When this is done, he proceeds to prepare the results of his labour for 
the workmen who are to manipulate the material for the various parts of 
the structure. His chief work is to prepare what is called a scrieve hoard. 
This consists of a rectangular area large enough to take a full-sized midship 
section of the vessel, made up of stout planks 9 in. or 1 1 in. wide, which 
are tightly clamped together. He then transfers from the mould loft floor 
to the scrieve board the midship section of the vessel (to outside of frame), 
and afterwards every frame between the stem bar and stem post. By 
means of carefully prepared supple pine battens, which he bends round each 
frame on the scrieve board fixed by means of long steel pins driven into the 
board alternately on each side of the batten, ho cuts or scrieves every frame 
into the scrieve board with a sharp-edged tool called a scrieving knife. 

He also scrieves in all decks, stringers, keelsons, and floors. The shell 
plating seams or edge laps are also shown on the scrieve board, but these 
are usually painted on in white. 

When the scrieve board is completed, the planks composing it are 
undamped, and carried to the shed or shop in the shipyard near to where 
the frames and reversed frames are bent and the floor plates prepared. 
Here the scrieve board is again put together, and secured as before. 

But the loftsman does much more than this. From detail plans 
supplied to him by the drawing office, he draws the stem bar, stem frame, 
rudder frame, etc., to full size, and from these, full-sized wooden templates 
are made, and sent to the makers of these parts, whether they bo forgings 
or castings. 

In a similar manner, the loftsman is responsible for the making of 
templates for other special parts of the vessel, and lays off or expands 

stringers, and the form of longitudinal vertical sections of the vessel at certain intervals 
from the fore and aft middle line. These sections are called "buttocks" in the after 
body, and "bow lines" in the fore body. 

2. A body plan showing the transverse sectional form of the vessel at the outside 
of the frames, taken at intervals in her length from stem to stern. Upon this plan 
are marked all decks, stringers, keelsons, the floors, and the edges of the strakes of 
shell plating. 

8. A plan showing the form of the rail lines, and horizontal sections of the vessel 
(termed waterplanes) from the keel upwards. 
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ceitain parts which need carefully dealing with in detail, such, for instance, 
BB the stem plating round the counter, etc. A very important mould 
made by the loftsman is the beam mould. The standard "camber" or 
" round-up *' for midship beams upon weather decks is ^ in. for every foot 
in the length of the beam. Thus, for a beam 40 ft. long at amidships 
the camber at the centre would be 40 x J in. = 10 in. 

Let fig. 84 represent the curve of the midship beam. As we travel 
towards the stem and stem, the length of the beam gradually becomes 
less and less, until at, say, x feet from the stem it is only 30 ft. The 
camber is not 30 x ^ in. = 7^ in., for, as is easily seen, this would be an 
entirely different curve from that fit amidships. The curve of every beam 
on any particular deck is obtained from the beam mould by setting off half 
its length on each side of the middle of the mould. By this means a 
uniform curve is preserved from stem to stem. 

Decks below the weather deck may either be perfectly horizontal or 
have the usual camber. Generally speaking, camber is given to all decksi 
though not necessarily of the regulation " round." 

With the keel blocks laid, and the scrieve board prepared, the workmen 
are in a position to proceed with the manipulation of the steel and iron. 
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and the erection of the vessel bit by bit upon the blocks. By the time 
this stage has been reached, quantities of steel plates and bars will have 
been received by the storekeeper, and stacked in the yard ready to be 
handed out as required. 

As the only practicable method is to build from the keel upwards, our 
attention will naturally be first called to the keel. 

From a comparison of the structural features of the section and profile, 
figs. 12 and 46, with tlie section and profile, figs. 48 and 49, the former for a 
vessel about 242 ft. in length, and the latter 443 ft, it will be seen that 
large vessels, though possessing a greater amount of material in their 
structure, are remarkably similar — practically identical, indeed, with snudl 
vessels in the detail work of construction. 

While the description and illustration of the details of the construction 
of the vessel illustrated in figs. 10, 11, 12, and 46 will, to a considerable 
extent, serve our purpose, we shall not confine ourselves to this particular 
vessel, but, when found advisable, turn to vessels of different size or typo 
or design. This, we believe, will be the simplest and most comprehensiye 
course to pursue. 

KEELS. 

The Bar EeeL — The dimensions of a bar keel for this vessel (fig. 10) 
irould be about 9 in. x 2| in., the 9 in. representing the depth and the 
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2 1 in. the thickness. It is made of forged iron, and is ordered in separate 
lengths, varying from 20 to 50 ft. or more. These lengths are united so as 
to form a continuous bar extending from the stem bar to the stem post, 
to both of which it is connected. The connections of the various lengths 
are made by means of scarphs. The scarph connection of a bar keel to a 
stem frame is illustrated in fig. 149. The scarphs connecting the several 
lengths of keel bars to one another, and the stem bar and stern frame to 
the keel, are in all respects identical. 

The usual length of the scarph is about nine times the thickness of the 
keel, viz., 21| in. The thin half length of each scarph is called the lip 
end. The extremities of the lip ends which check into the adjoining 
lengths are about Jths in. or ^ in. thick. The faces of the scarphs are 
planed and fitted as closely as possible, otherwise it would be difficult to 
caidk the bottom edge of the scarph to produce watortightness, which is 
absolutely essential. 
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Fig. 149. — Stern Frame Connection to Solid Bar Keel. 

Bar Keel Bivets. — The diameter of rivets used in the keel is ^ in. more 
than the rivets required for plates of the thickness of the garboard strakes. 
The rivet holes are drilled ^th of an inch larger than the diameter of the 
rivet. This is to allow for the expansion which takes place when rivets 
are heated, which provision is specially necessary when the diameter is 
considerable. The garboard strake for this vessel is ^Jths in. in thick- 
ness, and the table on page 212 shows that the diameter of the rivets 
required for this thickness is |ths in. The rivet therefore for the keel is 
J in. + J in. = IJ in. diameter, and the rivet hole is IJ in. +3^ in. = 1^^ in. 
diameter. 

The keel is always double riveted, that is, there are two rows of rivets. 
It is usual for these rivets to be arranged zigzag, as shown in fig. 149, 
though, on rare occasions, chain riveting has been adopted. 

The rivets in each row are spaced 5 diameters apart from centre to 
centre. There should be about twice the diameter of a rivet between the 
edges of the rows of riveting. A most important rule in arranging tbe 
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apaciiig of all rivets m, that no rivet should csome nearer to the edge of a 
plate or bar tlian a dmiauce at least equal to the diameter of the rivet 
Now the garlioafd stmko is never brought to tlie bottom of the keel^ but 
m kept up about I or |t!iB of an inch. This m in order to permit of more 
sa tiBf tie tori ly caulking the bottom edge, and alao to preserve the caulking 
in the event of the keel chafing over sandy bottoms or river hwrB» In 
some cases, it is found to be necessary to fit chafing plates or shoes over 
the bottom of the keel to preaorvo the lower edge of the garboard strakc 
from wear from this cause. It also reduces the possibility of severe strain- 
ing of the rivets, which might arise in the event of the vessel grounding 
upon the keel with a list, and one of the garboard stritkes taking the 
weight of the vessel. The bottom rows of rivets must l>e kept at teatt 
one diameter of the livet hole from the bottom edge of the garboard 
strake. At the same time, to keep the rivet too far from the edge of any 
plate which has to be caulked is a distinct objection, as it is difiieult to 
siitia facto rily close up the seam. 

When the space between the rows is made more than two diameters i 
the rivet, it sometimes throws the top row of rivets so high that sonnd 
riveting is almost impossible. If the top rivets are upon the bend of the 
garboard strake, the work cannot be closed up, and on looking down 
between the floors, the rivet necks can he distinctly seen. Such work, 
needless to say, is most objectionable. 

All rivet holes in the keel bars are drilled before the bars are fixed in 
place upon the blocks, excepting those in the lip ends of the scarpli, which 
should be drilled after the keel has been fitted in position on the blocks, 
so as to avoid any hhndness in the holes, which would be particularly 
objectionable in this locaUty. Before the frames are erected, and the 
garl>oQrd strakcs are put on, the keel lengths are held in position by 
riveting them together by means of about half a dozen Jths b, lack rivets 
throogh each scarph, spaced where found most convenient, and be far away 
from the other rivets as possible. 

The HcarpLs are caulked before the garboard strakes go on, so as to 
ensure that no water finds its way into the vessel through the connections* 

The bar keel is held in position on the blocks by means of chocks as 
-ihown in fig* 146^ until the friunes are erected and the garboard strakes can 
be put on. 

Side Bar Keel. — In a vessel with a side bar keel, the centre through- 
plate {centre keelson) is continnoua all fore and aft, and citonda from the 
bottom of the keel to at least the height of the top of the floors (see i 
11 and 185). The keel proper is usually made the siime depth as requirerf^ 
for a solid bar keel ; and the total thickness of the centre girder and side 
slabs combined is equal to a solid bar keel A most important condition 
which should be aimed at in the construction of side bar keels is, that the 
butts of the side bars and the centre throngh-platei as well a^ tlie butts 
of the garboard strakes, be kept as far from each other as the lengths of 
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the plates and bars will permit. For the reasons given, in dealing with bar 
keels, the garboard strakes should be kept at least \ in. from the bottom 
of the keel. The connection of the side bar keel to the stem frame is 
illustrated in fig. 86 ; and in an identical manner, the stem bar also is 
connected to the side bar keel. The riveting in all respects is similar to 
the riveting previously described for solid bar keels. 

Flat Plate Keels. — A flat plate keel resembles an ordinary strake of 
outside shell plating, with the exception that it is of much greater thick- 
ness than the adjacent strakes (see figs. 12, 48, and 76). This is necessary, 
not only because of the wear and tear to which this plate is often subject, 
but because, in conjunction with the centre through-plate, which stands 
upon and is strongly attached to it, it is a considerable factor in the longi- 
tudinal strength, A flat plate keel is usually about 36 in. in width for 
ordinary vessels. The angle bars, by means of which the connection to 
the centre through-plate is made, are also of such size and thickness as 
is consistent with the thicknesses of the plates to be connected. | The 
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Fio. 150. — Stern Frame Connection to Side Bar Keel. 

spacing of the rivets through the plate keel and these angles is about 
5 diameters apart. The keel plate has the further assistance of the 
garboard strakes, which, though less than the keel plate thickness, are 
thicker than the adjacent plating. 

In some cases, a horizontal bar keel, or rubbing piece, as it is sometimes 
called, is attached to the centre of the keel plate by large rivets passing 
through both the keel plate and the horizontal flanges of the angles at the 
bottom of the centre through-plate (see fig. 48). 

Frames, Beverse Frames, and Floors. 

Frames, — The frames which, in figs. 6 and 10, extend continuously from 
the top of the keel to the gunwale, or to the poop, bridge, or forecastle 
deck stringer plate, are ordered in straight bars, and bent to the required 
shape in the shipyard by the frame benders. The rivets connecting the 
frame bar to the reverse bar and the frame bar to the shell, are spaced 
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7 to 8 diameters apart. All the rivet holes in the frame bar are punched 
before it is bent to its required shape, excepting those we shall now 
mention. 

First. — The rivet holes on the turn of the bilge — which are apt to 
elongate and partially close up, owing to the amount of bending which 
takes place here. 

Second, — The rivet holes in way of all the edge laps or landings of 
the strakes of outside shell plating — for as only one rivet is put through 
the frame in the way of shell landings (excepting in the case of 
joggled plating; see page 213) so as not to imduly weaken the frame, it 
is most essential that the hole be perfectly fair, in order to ensure the best 
workmanship. Although the positions of the laps are marked upon the 
frames before they are erected, it often happens, in checking the fairness 
of the fore and aft sight edge lines of these laps upon the ship herself, 
which is done by pinning a batten upon the frames after they are erected, 
a slight deviation has to be made from the marks upon the frames. 
Hence the necessity of omitting the punching of these holes, and drilling 
them at a later stage when all is fair. 

Third. — The holes for beam knees are left unpunched also, with the 
exception of one hole, as, in fairing up the beam or sheer line, one or more 
beams might need slightly raising or lowering after being temporarily 
placed in position. The single hole punched in the knee is further 
necessary in order to attach the tackle for hoisting the beam up into place. 
The positions of the shell landings are obtained from the scrieve board by 
bending a light wooden strip round the particular frame being dealt with, 
and marking the laps upon it. On allowing the strip to spring straight 
again, it is laid upon the straight frame bar, and the position of the laps 
transferred. The space between the rivet hole in one lap and the rivet 
hole in the next lap is divided off into equal spaces representing, as nearly 
as possible, about 7 or 8 diameters of the rivet. 

Punchimj. — It is of the greatest importiinco in punching, not only the 
frames, but all plates and bars throughout the vessel, that this be done 
from the faying surfaces. 

The faying surfaces are those which have to bear against each other 
when riveted together, as, for instance, the faces of the frame and reverse 
angle flanges. The reason for this is, that in punching a plate or bar, the 
action of the pimch is to leave a rag edge on the opposite side from that 
on which the punch enters the material. This would be a hindrance to 
any other plate or bar bearing close against it, which is absolutely essential 
to secure watertight, and, in all respects, satisfactory work. Moreover, 
the conical form of the punched rivet hole is better filled by the swelled 
neck of the rivet (see p. 206, Riveting). 

Having punched the frame bar, the next step is to get it bent to shape. 
Generally, under the same shed in which the scrieve board is laid, there 
are what are known as the frame furnaces. Tn front of these furnaces 
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there are laid large rectangular slabs of cast iron, 5 or 6 ft. square, and 
about 5 in. thick, which are perforated all over their surfaces with round 
or square holes about 1 J in. diameter. These iron blocks are so arranged 
as to form a perfectly horizontal surface of sufficient area to take the 
largest frame in the vessel. 

In order to get the shape of the particular frame to be bent, a mould 
is made by means of a long strip of iron, called a set iron, which usually 
measures about 1 J in. wide by ^ in. or |ths in. thick. When this has been 
bent to the shape of the toe of the frame on the scrieve board, it is taken 
to the cast iron blocks, and pinned down (see fig. 151). 

However, not only have the frame bars to be bent to the shape of the 
section of the vessel, but they have to be bevelled also. Fig. 152 will 
illustrate this. 

The frame angle has a long and short flange. The size of the frame 
angle for the vessel in figs. 1 and 5 is 4} x 3 x /^. The short flange always 
goes against the shell, 'and the long flange points towards the interior of 
the vessel, perpendicular to the fore and aft middle line. It will thus be 
seen that over part of the midship length of ordinary cargo vessels, where 
the form of the section is constant, the angle produced by the flanges of 
the frame bar is a perfectly right angle. Towards the ends of the vessel, 
however, where the hull tapers in to the stem and stem, the angle pro- 
duced by the flanges of the frames must necessarily change. Did the shell 
flanges of all the frames point in the same direction, then at one end of 
the vessel the angles produced would become very obtuse, and at the other, 
very acute. But with an acute angle, or, as it is called, a closed bevel, to 
get good riveting is most difficult, and in some cases impossible, as the 
head of the rivet cannot be properly laid up. It thus becomes necessary, 
in order to get open frame bevels at the ends of the vessel, to reverse the 
frames at one end, that is, the shell flanges of the frame bars point towards 
amidships from both ends of the vessel. The reversing of the frame takes 
place at amidships (see fig. 152). 

The bevelling of the frame bars can be done either by hand or by 
machinery. In small vessels, both the bevelling and the bending can be 
done in one heat^ but for larger vessels two heats may be necessary. The 
amount of bevel to be given to the frames is supplied by the loftsman on 
a bevel board. 

A possible danger in hand bevelling is that the shell flange may be 
made somewhat concave between the heel and the toe of the bar. This 
could only conduce to unsatisfactory riveting, hence it is necessary to 
carefully guard against it^ and in some cases to chip off the projecting heel 
of the bar. In machine bevelling, the bar is bevelled from the heel, and 
this objection exists only to a very small extent. 

To bend the frame, it is drawn out of the furnace after it has reached 
a full heat^ and one end is pinned down to the end of the set iron, 
while the other is worked round to its shape, and pinned dowu ^vA 
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kept in position on the blocks by means of iron dogs and pins (see fig. 
151). An important feature in the bending of angle bars is, that in the 
process of cooling, more contraction takes place at the heel of the bar where 
the material is thickest than anywhere else. The result is, that in a bar 
yient from the heel (as is the frame bar), the contraction causes the bar to 
somewhat straighten itsetf, producing a reduction in the curvature. Know- 
ing this, the frame benders, guided by experience, give more curvature to the 
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Fig. 151.— Frame Heuding. 

frame when it is in a heated state than the scrieve board indicates, with 
the effect that when the frame bar is cool, it has approximately come to the 
desired shape — so near, indeed, that a few blows from a hammer, when it is 
cold, bring it to the correct curvature. It is carefully tested on the scrieve 
board before any riveting is done. The corresponding frame bar for the 
other side of the vessel is made in a similar manner, and the two sides 
tested by laying one upon the other. 

As the amount of external water pressure on the outside of a vessel 19 
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greatest where the immersed girth is greatest, and as it moreover naturally 
follows that greater weight is likely to be carried where the hold capacity 
is greatest, it is evident that more strength is required in the transverse 
fniming in the full middle body of a vessel than towards the ends, where 
she gradually fines down into the stem and the stem. In order to provide 
this additional strength it is usual to increase the thickness of the frames 
tj^^th in. over the three-fifths of the midship length. Similarly, the midship 
floors are always thicker than the floors towards the ends — a floor J^ths 
in. thick amidships would probably be reduced to ^ths at the ends. 

Reverse FravieB, — Like the frames, the reversed frame angles come into 
the shipyard in straight bars. They are considerably smaller than the frame 
angles, being, for the vessel in figs. 6 and 10, only 3 x 3 x ^^. The holes 
for rivets connecting the reversed frames to the frames and floors, and those 
which take stringers and keelsons, are aU punched after the bar is bent. 
The reversed frame is bent and bevelled in a manner very similar to that 
described for the frames. The set iron is made to the shape of the toe of 
the frame from its uppermost extremity down to the bilge, where it leaves 
the frame and takes the form of the upper edge of the floor plate. 

Unlike the frame angle, the heel of the reverse frame comes against the 
set iron, and in cooling — most contraction taking place there — the tendency 
is for the bar to bend more than is given to it on the blocks. In this, again, 
the experience of the frame bender guides him in making due allowance, and 
when the bar has cooled, and is finally tested upon the scrieve board, a few 
blows from a hammer are generally sufficient to make any necessary correc- 
tion. The holes in the unpunched flange taking the frame are transferred 
from the frame by laying the frame bar upon the reverse bar, and marking 
the rivet holes by means of a whitened wooden cylinder which is pushed 
through each rivet hole. The remainder of the holes connecting the reverse 
frame to the floors are spaced 7 to 8 diameters apart, and punched. Holes 
for keelsons and stringers arc always omitted, and punched or drilled at a 
later stage. (For heights to which reversed frames extend in one, two, 
three deck, spar deck, and awning deck vessels, see Chapter VI., pages 
112 to 123, "Types of Vessels.") 

In the engine and boiler space of steam vessels, double reversed frames 
should be fitted to every floor, and extend at least from bilge to bilge. In 
figs. 6 and 10 the reversed frames extend alternately to gunwale and to 
the top of the hold beam stringer angle ; and in the way of the engine and 
boiler space, the double bars extend from upper bilge stringer to upper 
bilge stringer. 

The spacing of the rivet holes in the flange connected to the frame 
angle will naturally be the same as the spacing in the frame (7 to 8 
diameters of rivet) from which they were transferred. The rivets in the 
siime flange taking the floors are spaced 7 to 8 diameters also. The rivet 
holes in the other flange taking the ceiling and sparring must be spaced 
to suit the width and arrangement of the battens. 
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Floors, — In the case of very small vessels, the floon are usually in one 
piece from bilge to bilge. But in larger vessels this is impracticable, and 
the plates forming the two parts of the floor are lapped, on one and the 
other side of the centre lino alternately. The lap must be treble riveted 
(see fig. 11), or, if the butt be strapped, double straps treble riveted should 
be used. 

As we have previously observed, the floors extend up the bilge in a fair 
curve to a height above the top of the keel of twice the depth of the floors 
at the middle line. But as it adds very materially to the cost of plates to 
have them cut hollow to shape by the manufacturer, the custom in all 
shipyards is to order all floor plates so that the top edge is a perfectly 
straight line. Indeed, only rarely are any plates ordered with a hollow in 
them, for the reason given. What the draughtsman does in ordering 
floor plates is to expand the floor with the top edge perfectly straight^ 
and, in order to minimise waste, he orders the floor plate somewhat 
like the plate shown in flg. 153. The flrst operation, then, in dealing 
with the floor plate, after it has arrived on the shipbuilder's premises, 
is to curve its top edge to the shape of the particular floor on the 
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scrieve board. Here, again, a set iron is bent to the required shape, and 
pinned on the iron l)cnding slabs. The floor is put into the frame furnace 
and heated to a white heat. It is then brought out of the furnace, bent 
round the set iron, and pinned down with dogs. It is hammered when 
necessary, and care taken to prevent buckling. As the floor plate is 
inserted between the frame and reversed frame at the bilge — that is, 
just where the frames and the reversed frames diverge — the floor plate b 
heated again at the ends, and hammered out so as to produce a gradual 
wedge-shaped taper (see fig. 154). 

After the floor has cooled, the next step is to curve its outer edge to 
suit the frame. It is taken to the scrieve board, its upper edge is adjusted 
to its own floor curve, and the centre line over the keel is marked upon it. 
Its own frame, which is already bent, is then laid upon it, and the curve of 
its outer edge marked with chalk. At the same time, the rivet holes are 
transferred from the frame by the whitened wooden cylinder. In a 
similar way, by laying the reverse frame upon the floor, the rivet holes are 
transferred. The floor plate is then carried away and sheared — not, how- 
ever, to the exact frame edge lino, but about \ in. from the frame edge, so 
that when the floor attached to its frame is in position in the ship, there 
is no doubt about the frame flange bearing hard upon the shell (see fig. 
154). According to the 1st numeral of this vessel (figs. 6 and 10), the depth 
of the floors on the keel should be 22^ in., and at three-fourths of the half- 
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breadth from the middle line the minimum rule depth — 2^=11 J, and the 

lieight from the base line — tfjp of keel — to the top of the floor at the 
extroniities should be 22i x 2 = 45 in. 

l^)th the frame bars and the reversed frame bars for the two sides 
of the vessel butt at the middle line — the frames on the top of the keel, 
and the reversed frames immediately under the centre keelson. On 
account of the unavoidable interruption in the continuity of these parts 
of the transverse framing, butt straps must be fitted. Thus, covering 
the frame butt, we have a piece of angle bar 3 ft. long, of the frame 
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Fio. 164.— Showing Floor at Bilge. 

size, riveted on the opposite side of the floors (figs. 6 and 9). This 
butt strap, or hed piece^ as it is called, not only affords strength at 
the butt, but olTers an additional means of securing a good connection to 
the garlx)ard strakes, which in turn carry the bar keel. This is an 
important point, as the only connection which the bar keel has to the 
vessel itself is by means of the garboard strakes, to which it appears to 
hang. Hence the bar keel is sometimes termed a " hanging " keel. The 
reversed frame butt strap, or lug piece, is also fitted to the opposite 
side of the floor plate (figs. 6 and 9). Not only does it perform the 
function of a butt stnip, but it also provides a double means of 
connection between the largest and the chief keelson in the N^«»ibV \f^ ^^^ 
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tmnsversa fmniing (see figs. 9 iind 10)« Indeed^ wherever keclaons or 
stringers cn^fia over tlie tmiia verse fi^anies, the connection ehouJd be roade 
by mL^iiift of those dotiblu tevertM^d bars or big pieces^ even though uo 
butt occurs in tlie on li nary roveitjed frame, timl tbo lug Mboiild be long 
enough to taku three rivetJri {ava Hg* 15-D). 

Like the fnunes, and for the fciiinie reason, the floor phitos are thicker over 
the three-fifths length amidships (froin Tnyth in* to ^r^tha in.) than at the encls. 

The Bpecial requirements* of transverse fmming in way of the engine 
aiid boiler apiicos will bo dealt with at a later stage under thut heading* 

Erection of Tranmmrm Framing. — When the frames, reverses, floor^ 
plates, and beami? have been prepared, and their aecuracy tested upon 
the serieve board, they are carried to a staging at the stem of tbe 
vessel, and riveted together with or w^ithout the beams. They are then 
hoisted into their reaj>ective positions indicAtefl upon tVie keel, and first 
fjf all (rememberiug the declivity of the IjloekH) given such a rake 
(angle of inclination) as will bring them perpendicular to the keel. 




Fig, 156.— Showing Lugs 111*011 Floors for Keelson Connection* 

This operation is termed "plumbing/^ The process of a/ljueting the 
frames, so that they cross the keel at perfect right angles, is called 
" horning/' In a vessel with a double bottom, this eipeditious system of 
erecting complete transverse frames cannot be carried out, the double bottom 
having t^ be erected first ; usually in the order of keel, centre through- 
plate, Hoors, tank margin plate, and the frame legs hoisted into position 
after the framing of the double bottom has been practicivlly completed* 

J)mible-boit43m Framing. — The details of the trauH verse framing in 
vessels having double bottoms with continuous centre through-plates standing 
upon flat plate keels have already been fully described in Chapters IV* 
and VI, (see WaU?r-balhu*t Arrangement)* It might be noticed in 
passing, however, that wliere the floors are solid from centre through- 
plate to t^uik margin plate, the angle bar upon the lower CMlgo of the 
fltjor plate by means of which the ccnmection is made to the shell, need 
nut have flanges larger than the smaller of the ordinary frame flanges. 
But where floors come upon alternate frames, as shown in fij:^, 129, with 
brackets oidj upon altaniate frames, the frame angle in the tank shoidd 
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be of the full size. Both frame and reverse frame angles upon solid 
floor plates are sometimes dispensed with, the connection to shell and 
inner lx)ttom being made by flanging the floor plates (see figs. 82 and 
85 to 90). 

Where side bar keels with continuous centre through-plates from 
bottom of keel to tank top are adopted, as shown in fig. 6, it is 
common for the frame angle in the tank to bo continuous from margin 
plate to margin plate. In such case, a triangular hole must bo notched 
out of the centre through-plate immediately above the keel, to allow 
the frame bar to pass through. In the erection of this form of double 
bottom ui)on the blocks, the centre through-plate and side bars are first 
fixed in position, followed by the tank fmme bar, which is held up by 
means of shores ; and after this, the floors with reverse biirs and angles 
for the connection to the centre through-plate and tank margin plate are 
hoisted up and riveted to the frame. 

X Frames. — While the X frame section of frames is preferable to the 
ordinary frame and reverse, its costliness, and the increased difficulty in 
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Fig. 156.— Bulb Angle Frames with large Lug for Stringer Connection. 

bending and bevelling, have made its adoption comparatively rare in 
merchant shipbuilding, but in the Royal Navy it is extensively used. 
Figs. 82 and 85 to 90 are framed with "L bars. (All " turret " steamers are 
framed with Z bars). 

Bulb Angle Frames (in lieu of frame and reverse). — Bulb angle frames 
(and also "L frames) are seldom adopted excepting in vessels with double 
bottoms ; the shorter lengths of frames (frame legs) terminating, as they do, 
at the tank side, render the operation of bending and bevelling more easy 
of accomplishment. One noteworthy point about the bulb angle frames 
is that they have no fore and aft flange to which the stringers and 
sparring in the holds can be attached. This difficulty, however, is got 
over in the case of the stringers by fitting to that side of the transverse 
flange away from the bulb, a lug with a flange largo enough to take 
double rivets (see fig. 156). The sparring is fixed by means of cleats. 
This type of framing is especially favourable in colliers — vastly less damage 
being done to the bulb by the bumping of coal than to the reverse bar in 
the ordinary system of framing. 

Channel Bar Frames. — This excellent section, combining both frame 
and reverse bar, is commonly adopted, especially in largo vessels with a long 
uniform midship body in which the channel frames require no bevelling. 
See page 134 re " Lusitania " and " Mauretania.'' 



230 



STEEL SHIPS. 



LtJj forj 
Stringer L 






Shelf 



The difficulty of liotli bonding and bevelling channel bara for frames^ 
ami the Htill greater difficulty of pt^rforming s^itiafaetory ri voting where 
much bevelling Uikea place, is sufficient nmsQu for diKixaiiiing with them at 
the ends of vessels. Though chamiol frames may be used in voasels with 
ordinary floora, yeti like "L fraitnes, they are usually atlopted for the fnune 
legs only in vessels with double bottoms. In some cases, exlm deep 
channel frames have been used as compcnBation for an Dmitt4>d tier of 
bold Ix'tirns. 

Dtejt Framing. ^ While the two large anglos which go to make up what 
are termed deep framca take the place of the ordinary fmme and revei^txi 
frame, their eiiief function, aa has been pointed out in Chapter IV,, is to 
compennato for a tier of hold lM3au»« which are dispensed with* Inatcad of 
fitting fcogetbor the two angles in the aaine faahiou iis is usual for the 
ordinary frame and reverae^ — the toe of the frame being flush with the hoel 
of the reverse frame— the connection is made by means of a 3 or 3 J in. lap 

only, in which case it is prefenible to fit 
the angles together as shown in the detail 
SL'ction in fig, 12. The lug piece which is 
usually fittixi in order to get a grxd con- 
nection between the stringers and the 
transverse framest in placed on the back 
of the reversed frame (see fig* 1 2). Thi^ ia 
better than fitting the fnune and rcverae 
Flo, 157. — Inadrisuble methtnJ of aa shown in fig. 157, where not only is a 
fitting tbu Rfl versed Fmme in pieet^ of picking iron required, but satls- 
Deoi^ Kruming, factory n voting is with difficuHy obtained. 

Figii. 12 and 48 are framed on the deep frame system. It will ho understood 
that deep framing compensating for hold beams may also be formed of "L 
bars, bulb angles, and channel bars, of suitable scantling. 

Like channel frames, deep framing im only adopted for the fraiae legi 
in vessels with double Isottonis. The bending and bevelling is done u« 
dcscril>ed for ordinary fmmes, 

Wf^h Frames, — See also Chapter 1 V. 

The width and spacing of web frames in lieu of a tier of bold beams is 
governed by the depth of the vessel, while the thickness of the plates is 
usually similar to that of the ordinary fnimes. In conjunction with web 
frameSj web stringers of the same width as the woh frumes are fi tt43d 
interconUilly ixjtwoLrn the web frames. The number of thoso aliio depends 
upon the depth of the vessel. 

A web frame is made up of one or more plates connected by treble 
riveted laps or straps* The connection to the shell is made by an angle 
of the frame size, and on the inner erlge, by two nngloa of alxnit the 
reversed frame size or one equivalent angle, 

A section through the web stringers in shown upon ^g. IK It will be 
noticed that they are connected to the shell by an intercostal angle betwoen 
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the frames, and to tho reverse frames by an angle which is intercostal 
Ixjtween the web frames. On the inner edge of tho wtib stringer plate 
are two small angles which may l)e substituted by a single angle as for 
web frames. Tho connection of tho web stringer to tho web frames is made 
by double angles, and also by diamond plates (see midship section, fig. 18). 
The connection of the web frames to the tank side is made by double 
angles also. 

In order to make the transverse strength afforded by web frames as 
continuous as possible right round the transverse circumference of the hull, 
extra strong through beams with deep knees are fitted to tho head of the 
web frames where practicable. 

Figs. 11, 92, and 100 are midship sections of vessels built upon the web 
frame system. The sectional profile in fig. 91 will aflbrd a good idea of the 
general arrangement of web frames and strmgers. 

Beams. 

As a general rule, it may be stated that under iron or steel decks it 
is preferable to fit beiuns to every frame ; that is, when the frame spacing 
is somewhat similar to what would bo required according to Lloyd's Rules. 
They may consist, in small vessels, of plain angles, and in larger vessels 
of bulb angles or channel bars. The reason for this is, that if, with an 
average frame spacing of, say, 24 in. in a vessel 250 ft. in length, the 
beams were placed upon the alternate frames (4 ft. apart), the comparatively 
thin iron or steel deck, which structurally would bo sufficient for such a vessel, 
would possess the tendency to fall hollow between the beams, which is most 
objectionable and unsightly. To place beams upon alternate frames under 
steel decks should only be attempted in very large vessels with thick deck 
plating. Indeed, Lloyd's Rules distinctly state that while it is preferable 
that beams be fitted to every frame under steel decks, it is only when the 
steel deck exceeds ^ths of an inch in thickness that beams on alternate 
frames are permitted in their classification. 

The steel upper deck of the vessel shown in fig. 12 is ^ths in. in 
thickness, and the beams under it are placed upon every frame (24 in. 
apart). In figs. 48 and 49 the uppermost or shelter deck is only /^ths in. 
in thickness, and the beams under it are again upon every frame ; but the 
upper and main decks, which are of steel ^^^(^ths and ^ths in. in thickness 
respectively, have their respective beams on every alternate frame. Where 
a system of widely spaced frames is adopted, as has been pointed out in 
figs. 104 and 105, in which the spacing is 36 in., the beams under steel 
decks must of necessity come upon every frame. 

As the tendency to fall hollow between the beams in vessels with wood 
decks only practically does not exist, it is usual to fit beams of stronger 
section on alternate frames. They may consist of large bulb angles, tee bars, 
bulb tee bars or butterly bulbs, bulb plates with double angles on top, or 
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channel bars, varying in dimensions according to the greatest breadth of 
the vessel. 

Like the frame and reversed frame angles, the beams come into the 
shipyard in straight bars. But, as we have seen, all beams on weather 
decks, at any rate, should have a " camber " or " round up " of \ in. to every 
foot of midship breadth of deck. This result is obtained by cold bending 
in a " squeezing machine." 

The length of every beam in the ship's deck is obtained from the 
mould upon which they are indicated. Having cambered the beams, and 
cut them to their respective lengths, the next step is to prepare the knees. 

The depth of beam knees should be at least two and a half times the 
depth of the beam. The knees may be either welded or bracketed. 

The welded knees are generally made by cutting off part of the bulb, 
and welding to its extremities a piece of plate of the thickness of the beams 
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Fio. 159.— Bulb Angle Beam 
with Bracket Knee. 



Plan showing the Beam fitted 
into the Bosom of the Frame. 

Fio. 158.— Bulb Angle Beam 
with Welded Knee. 

(see fig. 158, where the welded plate is shown by hatched lines). When 
the welding is well done, a stronger knee is formed by carrying the bulb 
round the edge of the knee. 

Bracket knees, as shown by hatched lines in fig. 159, consist simply of 
bracket plates riveted to the back of the vertical flange of the beam. In 
both these cases, the knees fit into the bosom of the frames (see plan in 
sketches). Beam knees of this size (14 in. in depth) should have tU least 
four |-in. rivets connecting them to the frames, but not more than two rivet 
holes should be punched in any beam knee, or in the frame before the beam 
has been hoisted into place and adjusted. 

Knees for plain angle beams, such as would be used for upper decks in 
smaller vessels, and for the poop and bridge of the vessel illustrated in 
figs. 12 and 46, are made in exactly the same manner as described for bulb 
angles. 

Having prepared the knees, the spacing of the rivet holes in the horizontal 
flange of the beam taking the deck is the next operation. This is a more 
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important work than one would at first imagine, and requires very consider- 
able care. The general rule is, that rivets connecting an iron or steel deck 
are spaced from 7 to 8 diameters apart, but, as we shall show, the regularity 
of any such spacing may be greatly interfered with. Reference to the deck 
plan of the vessel in fig. 194 will help to make this clear. On the dock 
stringer plate, and round all deck houses, hatches, casings, etc., there are 
angle bars forming the connecting means between the deck and the sheer 
strake, or deck houses, or hatch coamings, etc., as the case may be. The 
positions of all such bars as these are supplied to the outside workman by 
the ship's draughtsman, either on a deck plan, or on what is called a beam 
list. Then, again, care has to be taken to set off all the rivet holes in the 
edge laps of the strakes of deck plating. After precautions have been 
taken to carefully mark off the positions of these particular rivet holes, 
the remaining rivet holes are spaced, as nearly as possible, 7 or 8 diameters 
apart. The holes are then punched. 

The midship section, fig. 48, shows a section of the deck through a 
hatchway, and will further illustrate the points just mentioned. See also 
fig. 165 (channel beam). 

When a wood deck is laid upon the beams, then, in addition to markmg 
off the i)ositions of deck angle bars, tie plates, etc., the holes in the deck 
flange or flanges of the beam through which the wood deck bolts pass, 
must bo arranged to suit the width of the deck planking. Wherever 
beams are fitted to every frame or alternate frames, they must be tied 
together so as to preserve the proper spacing between them, and thus keep 
them in their correct positions relatively to one another. When a steel 
or iron deck is laid upon the beams, the deck itself admirably perfonns 
this function, but when only a wood deck is laid upon the beams, continuous 
iron or steel tie plates, laid in a fore and aft direction across the beams, 
assisted when necessary by diagonal tie plates, are required. These tie 
plates vary in width from 6 in. to 30 in. or more, and, in addition to 
serving the useful purpose just mentioned, act like a steel deck in 
distributing stresses thrust upon the deck in any locality (from masts, etc.) 
from beam to beam, and to the stringer plates. 

Plates somewhat similar to these tie plates should be fitted to the beams 
along the sides and round the ends of the hatchways, engine and boiler 
openings, companion ways, and all other deck openings, so as to get a 
better connection for the angle bars which go round the coamings of all 
these openings. 

In the way of all hatchways, the beams necessarily only extend from 
the frame to the hatch coaming. When the hatchways are very long, and 
when they come in the middle length of the vessel, the result must be a 
very serious reduction in transverse strength, unless adequate measures are 
adopted to compensate for the interruption in the continuity of these trans- 
verse girders. In any case, it is necessary to carefully protect all deck 
openings, especially when situated upon the weather deck — these b^vcis?. 
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most e^tpnaed to tlie attackw of gbippeil sea$, etc. This protection ia 
afFor^leii to hatt^hwHya Uy tiltiiig vertical wide pliitua, or /uUeh ctMimitu/Sy 
along the aideti uiid ends of the oponinga, aod carrying them to a height 
of at least 2 ft C in, from the dock. TIioho hat«h eoaniinga uot only 
afford protection to tho hati^h optJuingB, but aim* a means of binding to- 
gether the Ixiam andfi^ and provide the compensation previously rofernMi to. 

Fijut of all J we notic!^ in the proElo^ fig. IG, that at all hatch ei3 
an extni Btrong deep beiun in fitted, consisting of a bulb plate and an 
angle (or it may be a ytn>ng chanuol bar or some oi[uivalent)^ instead of 
the ordinary bulb angle l>eam. At the hat«h etids, the eoaming plate is 
carriud down over this bcsiin to tho top of tbc bulb, and securely rivetedj 
to it with a doubla row of rivets as sbown iu the sc^utiou of the beiii]%l 
%. 160. 

Instead oi the side or foro and aft hatch eoaming plate^j extending 
from the deck only to their prescribed height, tbej are carried down well 
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Fill, 160. —Side ELev^Jition of Hatch Coaming Platd^ ghowiug angle conaiKtioQ to 
dock (»lating and collai^ on be«iu anda. 



over the ends of all the half beams, or flanged round the bottom of the 
beams, aa shown m figs. 48, 1 1 3, and 165* When the hatch coruors are round, 
which is the more preferable method of construction in every respect 
(except for cbeapne^), the coamings are continuous all round the hatchway, 
the separate plates composing the whole coaming being connected by double 
rivetod butt straps. These hatch uoamings should be made of good stout 
plates, i^ths in, or 4-SthH in, thick, in vessels of average size. It will now 
be seen what an excellently strong and suital»lc arrangement the hati'h cimm- 
ings become, npon which to hmig, ad it were, the ends of the beams which 
am neceesartly cut in way of all hatches. By the hatch end coaming 
plates being well riveted to the strong hatch end beams, the side coaming 
plates become exceedingly strong fore and aft girders well able to carry 
the beams and the deck at the hatch side, that is, of course, in conjnnctioii 
with the assistance aff(:irded by the hold stanchions^ wliieh are fitted along] 
each side of all large hatchways (unless special compensation is introduoadl 
for dispensing withtliem; see "Steam CkiUier/' p* 175), and well connected 
to tlio beams. Indeed, the hatch coamings are fonued into a strong, rigid j 
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161.— Bulb Plate Turned 
Knee. 




giitler fniniework, well connected to the main structure of the ship at the 
hatcli ends. It is when lalK)uring at sea that the section of the vessel in way 
of the hatches is liable to develop weakness, 
but, as shown in the further reference to 
hatchways (p. 293), transverse stiffness is 
aft'onled by the introduction of portable 
transverse web plates between the coamings 
(see figs. 46 and 1 65). 

When the hatch coamings have square 
comers, the side and end plates are connected 
by means of a comer angle bar. 

The half beams in way of the hatchways 
are connected to the hatch coamings by means 
of angle collars, as shown in fig. 160. 

When the strong beams at the ends of 
hatches are made up of a bulb plate and 
angle as shown in figs. 46 and 160, the beam 
knee is made in one of the following ways : 
either the beam is heated and the end turned 
down, and a piece of plate welded on the 
comer as shown in fig. 161, or else the bulb 
is chipped off the end of the bulb plate and 
a piece of plate or bulb plate welded on as 
shown in fig. 162. 

It is also common to fit bracket plate 
knees to bulb plate beams, as shown in 
fig. 163. 

In order that the bracket plate may fit 
close against the bulb plate, the bulb on one 
side must be chipped off. 

The beam is necessarily cambered, and, 
like the ordinary beams, fits into the bosom 
of the frame as shown in fig. 162. In welded 
knees, preferably the bulb should be pre- 
served right round the knee, and should 
finish upon the outside of the frame, as 
shown in fig. 48, as it affords both stiffness 
and strength to resist collapse under severe, 
transverse, racking stresses. 

When we come to the upper deck beams 
in way of the engine and boiler openings, 
again the onlinary bulb angle beams are cut 
in way of the openings, with only an occasional specially strong beam 
run continuously from side to side of the vessel. These half beams arc 
supported in a way similar to that explained for beams at hat^Vv vx^^^. 



Plan. 

Fio. 162.— Bulb Plate 
Welded Knee. 




Fi«. 163.-Bulb Plate 
Bracket Knee. 
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Stout steel coaming plates arc fitted down over the beam ends, to which 
the half beams are attached by angle collars or lugs. 

In the decks of most steam vessels, it is very common to see small hat^h 
openings, say 2 or 3 frame spaces (about 4 or 6 ft.) in length, and 2 or 
3 ft. in breadth (see fig. 194, deck plan). Those arc used for trimming 
coal into the bunkera, or, when at the ends of the vessel, as entrances to 
store-rooms (boatswain's, sail, etc.) When they open into coal bunkers only, 
the beams usually nui through them without interniption, and the cool is 
trimmed through the spaces between the beams. In such cases, the beams 
are usually protected from damage by falling coal, by riveting a piece of 
convex iron to the top flange of the beam. In such cases, the coamings 



A 
I 



Hatch or 
Companion 



B 




1 



^3 



Sect/on through A.B 

Fio. 164. — Beam cut for Hatchway or Companion-way. 



are simply erected upon the deck, there being no necessity to extend them 
farther down. 

Where tlic deck oj)enings are entrances to store-rooms or cabins, it is 
usually necessary that such openings be entirely clear, and the beams are 
therefore cut at the sides of the hatcliways, as shown in fig. 164. 

The half beams may be supported by being attached to fore and aft 
coaming plates carried down below the beams, as previously described for 
large hatchways, or else a strong bulb angle or channel bar may be made to 
form the "fore and after" to carry the half beams, as shown in fig. 164. 

A reduction is generally made in the thickness of the beams towards the 
vessel's ends. This reduction is usually made upon all beams which are less 
than three-fourths of the length of the midship beam. The reasonableness 
of this is easily explained. The shorter a beam or strut is made, px^ 
serving the same depth and thickness, the more rigidity docs it 
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and the more resistance it 
offers to buckling. Hence 
the shorter end l)eani8 may 
be reduced Jgth in. in 
thickness, and still retain 
compiiratively the efficiency 
of the beams at amidships. 

I V^ fore leaving the 
upper deck beams, we may 
note that, hafl the vessel 
been of larger typo, and 
channel bar beams been 
adopted, the knees would 
generally be formed of 
bnitket plates, and would 
be conHtructed as shown 
in fig. 165, the bulb being, 
of course, substituted by 
the lower flange of the 
channel bar. In all other 
respects the knee formation 
would be as usual. 

Turning to the fore- 
castle (see fig. 46), we see 
that the beams consist of a 
bulb plate and two angles 
fitted to alternate frames. 
The knee to the bulb plate 
is made as described in 
figs. 161, 162, or 163. In 
the fore i)eak, the beams are 
similar to the forecastle 
beams. The plan in fig. 1 62 
shows how the two beam 
angles fit against the frame 
and reverse frame. 

The widely-spaced hold 
beams, as shown in the 
midship section, fig. 5, 
consist of bulb plates with 
two top angles and a 
covering plate. The larger 
flanges of the angle bars 
are placed horizontally, 
which necessitates that the 
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covering plate be of the same width. The knee is formed like all other 
bulb plate beam knees. 

The hold beams might have boon as shown in fig. 166, in which case the 
knee may bo either welded or bracketed. 

Against the bulkheads we observe (fig. 46) that what are called semi-box 
beams are fitted. Fig. 167 will show more clearly how this strong beam is 
composed. 

Semi-box beams are principally intended to act as stiffening to the 
bulkheads. We shall again refer to these bulkhead stiffeners when dealing 
with bulkheads. Suffice it for the present to say that the bulb plate knee 
^s made by one of the methods previously described. 

On coming to the engine space, however, we find a number of extra 
strong through beams, which are continuous from side to side of the vessel. 
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Fio. 166.— Strong Beam with Turned Knee. 



Fio. 167.— Semi-box Beun. 



These are specially necessary when we remember that a large number of 
the ordinary beams are stopped in the way of the engine opening — these 
strong beams in some measure compensating for the loss of transverse 
strength. They consist mostly of bulb plates with four angles. The knees 
are of the usual construction. In elevation, the beam appears as shown in 
fig. 166, the plan behig similar to fig. 162. 

Sometimes two of these strong beams are fitted upon adjacent frames, 
and combined by plating them over— see strong beams in figs. 46, 47, 
and 49. Wo observe in the profile, fig. 46, that a steel deck is fitted all 
fore and aft to the upper deck. According to Lloyd's Rules, this vessel 
does not require more than a steel deck for half length amidships for 
structural purposes. Had the upper deck been sheathed with wood, the 
steel deck could have been gradually tapered off from the half length 
amidships, and the subsequent beams might have been of stronger section^ 
and spaced upon alternate frames. However, the usual practice for oafgo 
vessels has been followed in this case, and the steel deck made contiuuoiu 
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all fore and aft, and unsheathed with wood. In many respects, this if 
preferable in cargo vessels. 

When beams under wood decks arc of tee bar, the knees are usually 
formed of bracket plates riveted on as for plain angles. When they consist 
of bulb plate and two angles, the knee is formed as already illustrated 
(see figs. 161, 162, and 163). When the beam 
is of butterly bulb section, the knee is usually 
made as shown in fig. 168. 

The extremities of the beam are cut through 
the middle of the depth, and the lower pai-t 
is turned down. A piece of plate is then 
welded into the space completing the knee 
form. Bracket knees might have been adopted, 
in which case the bulb would have to be 
chipped off one side. When steel decks are 
laid upon beams to alternate frames, beams of 

smaller section should be fitted to every frame at the sides of all hatch- 
ways and engine and boiler openings. See also description of beam knees 
to figs. 109 and 116. 

Lloyd's Rules give the following table for number and size of rivets in 
beam knees : — 




Fio. 168.— Butterly Bulb 
Welded Knee. 



Depth of Knee. 


No. of Rivets. 


Diameter of Rivets. 


Under 17 inches, 
17 and under 21 
21 „ ,. 24 
24 „ ., 28 
28 „ ., 82 
82 „ „ 86 
36 „ „ 40 


4 
5 
5 
6 
7 
8 
9 


f of an inch. 
»» II II 

II •! II 
II II II 
II 11 '1 



The following beam knees should be at least three times the depth of 
the beam : — 

1. In all steamers or sailing ships having one tier of beams. 

2. To all beams on deep framing or web frames. 

3. To all beams on deep tanks, peak tanks, or other water-ballast tanks. 

4. To all beams of over 50 ft. in length. 



Pillars. 

A variety of kinds of bar iron or steel may bo used to perform the tie 
and strut functions of pillars in ships (between decks and floors), and 
thus in addition to the plain round bar of circular section which is most 
commonly used, tee bars, either single or double fitted luick to back, channel 
bars, single or double, and iron of Z section, are now frctjuently adopted. 
One of the most recent types of ship pillars is made of stout steel plates 
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bent into circular form and riveted like a mmL Theae, aa shown on I 
pag6 172 (see fij^. 104, 105, and 106), are fitted in combination with other 
atnictnral features, in order to disix^iiKG with tlie nnnierons round iron 
pilkn* ordinarily reiiuirtxl. TlK'n agaiu, in recent *Hurret*' stean^crs, 
circnUr Ktuel tuW ijillans very widely siMiced Imve been introduced (see^ 
figs. 86, 88, and 89), f 

Ordinary Eoimd Inyn Piilar$i. — Round iron pillars are made of malleable 
iron, and may be either solid or hollow, Comjmring sectionjil area of 
material with sectional area, the hollow pillar is stronger and ranch mote 
efficient than the solid one^ though it haa the olijection of occupying more 
ajtace, and being more ccmtly to produce. The heada and heels of hollow 
pillars are solid * 

According to Lloyd *a requirements, wB bouoB upon alternate frame-a 
(when the frames are spaced to nde) for Ht least three-fourths of the j 
yessers length amidships should Im pOlaredt The beams for the remaining ^M 
one-eight length at ejich end need only have pillars to lieams upon every 
fourth fniine. The pillars ahoold be phu^ed, as far as practic^ible, in the 
middle line of the vesseh In vessels with several decks or tiers of heamfl| 
in order that the pillars develop their full efficiency, they shoitld extend 
from keelson or tank tr>p to the upper deck, as nearly m possible in a 
verticjal line, so as to form a continuous tie or strut, H 

The foregoing are only general rules, for it is impossible to rigidly ^ 
follow them throughout the length of the vessel from stem to stem. For 
instance, in the engine and iKiiler wpices, siieh an arnwigemout is neceBfiarlly 
greatly interrupted, and stanchions have to be fitted where convenient- 
Again, in way of all hatclies in the middle of the deck, the stanchions are 
placed on each side of the hatch way, generally somewhat more widely 
spaced (about six frames), as the deck han now two supports instead of 
one at the middle line. Under all permanent heavy deck weights, such &a 
windlass, capstan, winches, deck houses, etc,, additional pillars should be 
introduced, two or more generally being phiced athwartships under such 
deck weights. UHiere hold beams are dispensed with — compensation in 
some form or other being introduced — the loM-er pillars, obviously^ should 
be of greater diameter than would have been necessary had the hold beams 
been fitted, the greater length reducing the resistance to buckling, aod 
incrciLfting the danger of collapse. 

In veaaels of grtssit breadth, the beams naturally require support between 
the ship's side and the centre-line pillars, hence quarter pillars are mtro- 
duced (see tig. 48). Lloyd's Hides require that, for steam vessels of over 
43 ft. and under 55 ft. in brejidth, the quarter pi 11 an* be fitted to l>eitims 
upon every fouith frame for half the vessers length amidsliips, in addition 
to the centre-line pillars. 

In pillaring a vessel^ it is of the greatest importance to see that tlie 
headn jukI heels are efficiently constructed. Indeed* owing to the bad 
fonnulion of the heads especially of some pillars, they never get thuj 
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chance, as it were, of d^xteloping their fvJhst efficiency. In the making of 
pillar heads especially — which by the way, together with the feet, are made 
separately, and afterwards welded on to the pillar bar — the formation 
should be such that any thrust or compressive stress will bo transmitted 
directly through the middle of the pillar, and not on one side (see figs. 169, 
170, etc.) ; and the pillar head should bear hard against the beam or girder, 
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169. — Connection of Pillar Head to 
Bulb Plate Beam. 



Fio. 170. —Connection of Pillar Head 
to Channel Bar Beam. 



so that the stress is borne by the material in the pillar, and not the rivets 
only. With such a formation of heads and feet, the rivets are only subject 
to stress when tensile strains are endured, Le. when the pillar becomes a tie. 
A great point to be kept in view in the pillaring of a ship is to see that 
the pillars do not act as independent struts or ties, but that they distribute 



Intercostal 
Channel Ban 
between Beams 




Section of Beams 

Fio. 171 • — Showing an excellent method of supporting 
Steel Decks in combination with Pillars. 

their efficacy as far as practicable. Thus, especially in the case of vessels 
with steel decks, and bulb angle beams to every frame, to fix the pillar 
from the tank top or keelson to this comparatively flexible beam itself 
would produce the tendency, when the pillar is subject to a compressive 
stress, to bulge up the deck in way of the pillar. To obviate this, a common 
practice is to fit a tee bar, or two angles back to back, to the under side of 
plain or bulb angle beams, and make the connection by fixing a short lug 
upon the bottom of the beam, as shown in figs. 172, 174, V\^^ ^\A A.^* 
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The pillar heads are then riveted to these fore and aft bars, under the 
alternate beams according to rule. The formation of pillar heads is shown 
in figs. 169 to 177. By means of the continuous longitudinal beam tie 
bars just referred to (figs. 171, 172, 174, 175, 177), the work done by the 
pillars is distributed to all the beams, instead of only to those under which 
the pillars are fixed. Similarly, where channel bar beams arc fitted to every 
frame, the usual practice again is to tie the beams together, so as to 
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Fio. 172.— Connection of Pillar Heads to a fore and aft Tee-bar tie under Beams. 



distribute the pillar support. This is sometimes done by fitting a con 
tinuous channel bar to the under side of these beams (fig. 171). In this 
case, the pillars may be fitted alternately to one and the other of the con- 
tinuous channel bar flanges on the imder side of the beams, but it is 
preferable to attach the pillar head directly to the channel l)eam. As the 
section in fig. 1 70 points out, a much better supporting surface is obtained 
than could be got by riveting the pillar head to one of the flanges of the 
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Fio. 173.— Another 
form of Pillar 
Head. 



Fio. 174. — Arrangement for 
fitting Hold Sliifting 
Boards between Pillars. 



continuous channel tie bur. An even better system than this is seen in 
fig. 171, where, in addition to this continuous channel tie bar, intercostal 
channel bars are fitted between the beams, to which, by means of lugs, 
they are riveted; and also in fig. 177, where, in addition to tho double 
angles on the under side of the beams, intercostal plates are fitted between 
the beams, and riveted to the deck. Such a system of fitting a aubstantud 
girder to beams and deck, especially if bracketed to the bulkheads at the 
end of each hold compartment, aflbrds great support and stiffiieea to the 
deck, and permits of the hold pillars (if of increased sectional ajrea) beioff 
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spaced much more widely than is usual. The advantage of such an 
arninj^emeiit from a stowage of car(j:o point of view is apparent. Tliis 
applies ecpiJiUy to fig. 171. 

The foriiiiition of pillar heads for channel beams is shown in figs. 170 
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Via. 175.— Double Angle 
Beam Tie, and IMllar- 
head Connection. 
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Fio. nes—Pillar in Cabins. 



and 171. Where, however, the lieams are fitted on alternate frames, 
and are therefore much more rigid, owing to their greater depth and 
sectional area, than would l)e the wise for l)eams on every frame, it is 
usual to fit the pillar heads directly on to the beams, no continuous 
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Fig. 177. — Another excellent method 
of supporting Steel Decks in con- 
junction with Pillars. 
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Fio. 178.— Ordinary 
Pillar Foot 



tie l)eing fitted to the inider side of such deep beams (see figs. 169 
and 170). When shifting boards must of necessity be fitted down the 
middle of a hold to prevent cargo moving, the common practice is to 
phice them l)etween round iron pillars arranged as shown in fig. 174. In 
this case we have a continuous channel tie on the under side of the beams 
to which tlie alternate pillars are fitted to first one and then the o^SeiNst 
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flange. Instead of the channel bar, two angle bars are sometimes used for 
the same purpose. 

All pillar heads, such as those we have just described, should be con- 
nected by at least two rivets. A pillar head not very commonly adopted, 
but which requires only one rivet, is seen in fig. 173. The head is formed 
as shown in A. This head, on being heated and placed under the beam, is 
closed up as in B, and secured by one rivet. Where pillars are required to 
be portable, the heads are fastened by means of nut and screw bolts 
instead of rivets. 

The formation of pillar feet, connected to a centre keelson standing on 
ordinary floors, is shown in elevation and plan in fig. 1 78. The connection 
here is by means of two rivets. Where, however, the pillar feet come over 
the centre through-plate in a vessel with a double bottom, the feet are 
formed and connected as in figs 179 and 180. In fig. 179 a socket la 
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Fio. 179. — Pillar Foot on Inner Plating 
of Double Bottoms. 
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Fjo. 180. — Showing connec- 
tion of Pillar Feet to Steel 
Decks, or Inner Plating of 
Double Bottoms. 



formed for the pillar foot, either between two flanged plates, or two angle 
bars riveted on to a base plate through which the coimection is made to 
the tank top. In the alternative method, fig. 180, the pillar foot is 
connected to a piece of tee bar which is riveted through the tank top 
plating and upper bars of the centre keelson. The pillar feet in a 'tween 
decks where a steel deck is laid, should be riveted through the deck plating 
and the beam. But a better arrangement is to fit the feet on- to a short 
piece of tee bar, long enough to take three rivets, somewhat similar to the 
sketch in fig. 1 80. Where, however, no steel deck is laid, and the beams 
are upon alternate frames, the pillar feet may be formed as in fig. 1 78, and 
attached directly to the beams. Or better still, by fitting a continuous tie 
bar, or two angle bars riveted back to back, a more satisfactory distribution 
of the work of the pillar is obtained. These angle bars, if made large 
enough in their horizontal flanges, will form a substitute for the tie plates 
which in any case would be necessary upon beams on alternate frames 
where no steel deck is laid. Where pillars are required to be portable, 
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which is often necessary at hatcli sides, the feet may bo made in any one 
of the tliroe ways shown in figs. 181, 182 (A and B). 

Fig. 181 shows the pillar foot dropped into a cast-iron ring, which is 
riveted to the deck or tank top plating as the case may be. A half-inch 
or five-oigliths nut and screw bolt is passed through the cast-iron ring and 
pillar foot as shown. Fig. 182, B, shows the pillar foot placed in a liorsc- 
shoe angle bar, and is kept in position by a preventive nut and screw bolt. 
In this method, the pillar only performs the function of a strut. As shown 
in the diagram 182, A, the foot of the pillar is permanently riveted, the 
upper part only being portable, with a nut and screw bolt moans of con- 
nection as shown.* 

The heads and heels of all ordinary pillars fitted in cargo vessels shoiild 
be connected to the structure by at least two well-formed rivets. But 
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Fio. 181. -Portable 
Pillar Foot. 
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Fio. 182.— Portable Pillars. 
Arrangement of Feet. 



those fitted in deep water-ballast tanks should be connected by means of 
three rivets. 

Channel and Tee Bar Pillars. — Where pillars are constructed of tee 
bars or channel bars (either single or double), or of I section, they are 
connected to the beams at their upper extremities, and to the tank top at 
their lower extremities, by means of bracket plates (see figs. 85, 92, 
105, and 106). 

Large Round Plate Pillars and Steel Tube Pillars — substituting centre- 
line hold and quarter pillars — have already been dealt with on page 172, 
"Some New Features in Modem Shipbuilding" (see figs. 104, 105, and 
106 ; see also page 157, "Turret Steamers," and figs. 86, 88, and 89). 

* itortable pillars are not as efficient as well-formed fixed stanchions, but as 
*re usually T«niiiT«d (generally at the side of hatchways), no serious 

leeks, the ordinary round pillar is sometimes 
)d or flat iron stanchions, as in fig. 176, are 
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Keelsons and Stringers. 

Keelsons, — The most important keelson in the ship is the centre 
keelson, and although, according to the particular mode of construction 
adopted, it varies considerably in form, its function is always the same, 
viz., to afford longitudinal strength along the bottoui of the ship. The 
centre through-plate keelson and side keelsons, in vessels witli double 
bottoms, have boon referred to on several occasions and fully described 
already (see figs. 48, 76, etc.). 

Fig. 183, A and B, illustrate what are known as centre keelsons 
standing upon ordinary floors, the vessel in the diagrams having a bar 
keel. The principal parts of the keelson, A, are a deep vertical plate 
with two large angles on the bottom connected to the reverse frames and 





Fio. 183. — Centre Keelsons standing upon Ordinary Floors. 

the lug piece shown ; and, on the iipper edge, two similar large angles 
with a flat plate, known as a rider plate, covering the full width of the top 
flanges. The large keelson angles have one flange exceptionally large, 
while the other is considerably smaller. The large flanges are arranged 
vertically for the bottom bars, and liorizontiilly for the top bars. The 
butts of both centre plate and rider plate should be either strapped or 
overlapped, and treble riveted. The butts of the angle bars should be 
connected by bosom pieces with at least three rivets on each side of the 
butt. The butts of vertical plate, rider plate, and angles should be kept 
as clear from each other as practicable. The centre keelson in B, fig. 183, 
is identical with A, with the exception that, being for a larger vessel, a 
thick foundation plate is riveted to the floors immediately under the keel- 
son to which the bottom angles are connected. 

Fig. 184, D, E, F, illustrates another type of centre keelson, known 
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08 a ruiddlo line intorcoHtal keelson. As the dia^jcrams show, the vessel 
hiis ordinary ti(X)rs and a bar keel. The keelson in D, which is for a very 
small ship, has two coutinuons angles on the top of the floors, with 
intercostiU plates fitted between the floors extending from the top of the 
koel to the top of the keelson angles. The intercostal plates arc connected 
to the floors by single angles as shown. Figs. E and F are similar keelsons 
for vessels of larger size. The intercostal plate in each case extends to the 
top of the lower keelson angles. 

Fig. 185, G, H, and J, illustrates the centre through-plate keelson in 
vessels having side bar keels. Hero, again, the floors are of the ordinary 
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Showing Intercostal Plates fitted upon Flat Plate Keels. 
FiQ. 184. — Intercostal Centre Keelsons. 



type. In O, the centre through-plate extends from the bottom of the keel 
to the top of the floors. Along its upper edge, and riveted to the floors, 
is a broad thick plate, connected to the centre through-plate by the two 
large angles shown on its upper edge. It will bo seen how admirably 
this plate binds both floors and keelson together. Fig. H, which is for a 
larger vessel, shows the centre through-plate extending to the top of the 
keelson angles. The foundation plate upon the floors under the keelson 
angles is necessarily in two pieces, one on each side of the centre through- 
plate. Fig. J is identical with fig. H, excepting that, being for a still 
larger vessel, the part of the keelson above the floors is somewhat modified. 
Side Keelsons (fig. 186). — All vessels should have keelsons upon the 
floors at the lower turn of the bilge. Those may vary in section aa ^Vnss^w 
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ill fig. liSt>, P, Q, U. P is two pliiin angles fitte<l back to bach, Q is 
tho Biime as P with a bulb pUitc* betwoen. M in the flauic as Q, excM?ptiiig 
that J in addition to thu bulb plate, aa intercostal plate is fitted from the 







ShowiniJ Centre Th rough *iilate3 fitted upon Flat Plate Keels, 
Fto« 185,— Centre Thrpugh- plate KeelsonB for YeaselB haTiiig Side Bar Keela. 

top of the angles to the bottom of the fioom, and connected to the shell 
by another angle bar as illustrated in fig. L. The bulbs and intercostals 
are often extra strength introduced on account of a vessera extreme 
proportions. Between the centre keelson and the bilge in Terj small 





Fig. 186. — aide Kcelsoaa. 



vessels, a tbni plate is fitted intercijstally tietween the flixjrs l^ which it is 
connected. TIil* principal function of this plate is to c'tieck the wimh of 
bilge water when the vessel is rolljug- Hence it is called a wash plate 
(see K). In larger vessels a double angle side keelson is required extend- 
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ing across the top edge of the floors, with sometimes both a bulb and an 

intercostiil plate between them (fig. 186, L and M). In still larger vessels, 

or where the proportions are 

very extreme, a side keelson 

with an intorcostiil plate, its 

shown in N, is sometimes 

required. 

In all cases wherever 
centre, side, or bilge keelson 
angles, or horizontal plates, 
pass over the floors, the con- 
nection is made by short 
lug l)ars in addition to the 
onlinary reverse frames. 

Strikers, — Stringers, in 
many respects, are very 
similar to keelsons. 

Fig. 187, R, S, T, U, V, 
illustrates a number of types 
which are regulated by the 
depth and pro^wrtions of the 
vessel. As already pointed 
Jilt for keelsons, angle lugs 
are again required in addi- 
tion to the reversed frames, in 
order to get a good connec- 
tion to the transverse framing. 
Stringers for vessels Avith 
deep frames are illustrated 
in figs. 48, 109, and 113. 
Keelsons and stringers may 
be carried uninterruptedly 
through all the bulkheads, 
in which case well-formed 
angle collars are necessary 
in order to ensure water- 
tightness (see fig. 124, F). 
Where the stringers are cut 
at the bulkheads, which 
is the simpler way of obtain- 
ing watertightncss, the con- 
tinuity of their strength is 
maintained by fitting large bracket plates. 

Fig. 187, A, illustrates a side stringer 
midship section of fig. 18, cut at tho 
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such as is shown in the 
bulkheads and connected by 
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When tho length is 280 ft. and al>ovo in steamers, an additional bulk- 
head is nx^nired hy Lloyd's midway iKJtween tho collision and the foremoist 
engine space bulkhcjads; and wiien tho length roaches 330 ft. and over, 
another biilkhe^id is r(.M|iiired in the after hold, situated therefore between 
the aftermost bulkhead in the vessel and the after engine room bulkhead.* 
These additional bulkheads greatly assist in stiffening tho framing of the 
vessel, and they improve the cliances of tho vessel remaining afloat in the 
event of one of these compartments becoming flooded. All trans verse 
bulkheiuls in one, two, and three deck vessels should extend to tho 
height of the upper deck, and in spar deck vessels to the height of the 
spar deck. In tho case of awning deck vessels, all tho bulkheads should 
extend to the height of the main deck with tho exception of the oollision 
bulkhead, which should extend to the awning deck.f 

As we have ])oiutod out, the fore end of tho vessel being the most 
vulnenible, and the loss of buoyancy at the extreme ends of a vessel 
through perforation of the shell plating producing greater change of trim 
than the loss of as much and oven more buoyancy nearer amidships, the 
necessity of continuing tho collision bulkhead, even in an awning deck 
vessel, to the weather deck, will be clear. To carry a watertight bulk- 
head in a direct, uninterrupted vertical plane from tho floors to the pre- 
scribed height, is not always convenient, nor is it absolutely necessary. It 
may be recessed or stepped backwards or forwards at some place in its 
height, and then carried to the required deck. No objection can reasonably 
be lodged against this so long as the workmanship is thoroughly efficient, 
and the strength and watertightness maintained. See also remarks, page 
158, and tig. 90, relative to omission of transverse bulkheads other than 
collision and machinery. 

In sailing ves.sels, only the collision bulkhearl is required by Lloyd's, 
though many owners prefer to introduce additional bulkheads for structural 
reasons and for the sake of the convenience of having the hold space 
divided into separato comimrtments for the stowage of cargo. 

In arranging the plates of a bulkhead, they are disposed either with 
their lengths vortical, or horizontal. Fig. 189 is a sketch of a bulkhead 
with the plates arranged horizontally. As the figure shows, the vessel 
has two steel decks, and as the continuity of a steel deck is vastly more 
important than the continuity of the bulkhejid, the deck sudors no 
interruption, but the bulkiiead is severed at tho lower steel deck, and 
continued again in the 'tween decks. 

A watertight bulkhead is connect<Kl to the shell plating by means of 

* Vessels over 4C0 ft require 7 bulkheads. 
470 „ 8 
M MO „ 9 „ 

t In awning deck and shelter deck vessels, partial bulkheads or web frames for the 
support of the topsides should be fitted in the *tween decks immediately above the 
bulkheads. 
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double angle bars of the size of the frames, between which angles the bulk- 
head plating is fitted; sec horizontal section of bulkheads, fig. 189, A 
and B (or a large single angle double riveted may be adopted). As the 
watertightuess must be maintained from lower to upper extremity, a 
connection to the steel decks is usually made by means of double angle 
bars of about the size required for reversed frames (see E, C, and K, 
fig. 189). Should the vessel have a double bottom, the connection to 
tlic tank top is also usually made by means of double angles of the size 
already mentioned, D, C, K, fig. 189. While the overlapping of the 
edges and butts of the plates gives a certain amount of stiffness to the 
area of plating, yet this is totally inadequate to provide the strength 
reqiiired in carrying even bulk cargoes, such as grain, much less to with- 
stand the pressiure which would accrue, owing to a head of water, in the 
event of a hold space becoming flooded to any considerable extent. An 
intelligent arrangement, therefore, of well-disposed stiffeners is necessary. 
Lloyd's requirements for the stiffening of transverse bulkheads are as 
follows :— On one side of the bulkhead the stiffeners are angle bars of the 
size of the frames spaced not more than 30 in. apart. If the vessel is 
built with ordinary floors, these stiffeners should be continued well down 
over the floor plate (see E, fig. 189). If the vessel have a double 
bottom, these stiffeners should be connected to the inner bottom plating 
by means of plate brackets (D, K, fig. 189). Additional vertical 
stiffening is given to all bulkheads of large breadth in the form of webs 
of plating extending from the centre keelson or top of floors, or from the 
tank top in vessels with double bottoms, to the height of the lowermost 
tier of beams (A and C, fig. 189). When the bulkhead is 36 ft. and 
under 45 ft. in breadth, one such vei-tical web stiffener is required, and, 
in the case of vessels with ordinary floors, would be riveted at its lower 
extremity to the top of the centre keelson. When the breadth of the 
bulkhead is 45 and under 55 ft., two such vertical webs are required. 
Bulkheads of 55 and under 60 ft. in breadth require three vertical webs. 
In order to support the vertical stiffeners, and to give additional rigidity 
and strength to the bulkhead, horizontal stiffeners are fitted to the other 
side of the bulkhead, and spaced below the lowermost laid deck, about 48 in. 
apart. These stiffeners, in all vessels of less than 40 ft. in breadth, may be 
of angle bars of the size of the main frames ; but when the bulkhead is of 
40 ft. breadth and above, the horizontal stiffeners should be of bulb angles 
of at least the size required for a steel or iron deck fitted to the same vessel. 

These bulb angle stiffeners should be well connected to the vesseFs side 
by means of plate brackets. 

In all vessels requiring two or more decks, where the lowermost deck 
has been dispensed with by compensation in some form or other, or when 
such a deck is not laid so as to give longitudinal support to the bulkhead, 
Lloyd's require that a semi-box beam, E, C, and K (see fig. 189), be fitted 
across the bulkhead where the lower deck would have afforded its support ; 
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or, ]f tbere be a aide stringer in thk vicinity, tho aem!-bo% l»c<fu]!i mmy he 

Btk'^l mj that it« emh nmy he attiicliod to tbo striii^^er. Tho It read th of 
the m-^tni-box 1>caut ih o]itj fiTiiiic^ Hp^ico^ and the btilli |i]:it<3 or ehjuiriol hnr 
or biilb miglty foniung the Hide of tbu lieara away from tbe bulkhiiad ^cuild 
be connected Ui tho franits upon which it cornea by an effieient kiiro, (See 
aJao fig* 1G7*) The fore peak, as we have alrtwi^ly noticed, beiug eajx?cially 
liiiT>le to damage, and the com |mr tinea t to Ijoiiig tlotMle*], special atU^^ntion b 
always given to reiKlering thi» bulkltead thoroughly el^eient under all 
circumstancoB of eniergeney. Hence, Lloyd's require that the hrirkoiital 
atiflfonen* ahonld \yc of bulb angle of the iiizo of tnjii and steel dock iM^aiiis, 
aiid connected to the vessel's sidci liy plate bracketa. WTiere, however, 
the fore and after pc^akis are intended to carry water ballast,^ and indeiod In 
all deep tanks sitmitL^l either iit tb(» Lnidn of the ve^el, or in tbo regjoti of 
amidslnps, the vertical stiffenenj tjii the kiunding bulkheads should always 
be of btdb anglea or channels of at least the sixe jiiat mentioned (K» fig. 
189). The ^trcHLH uptn^ thetie bulkheads is very severe when the tanks ajv 
full, but where, thr*3ugli ncgluet or careleaaneas, ve^ek are alloweni to 
proceed to Mca with those tauka only partially filled, the dain^ige to the 
bulkhead nuiy he enormous. 

Owing to the pressure of water upon a bulkhead in a flooded compart- 
ment being greater on the lower half than upon the upper, it ia the practice 
to make the phi ting in the lower halt ^V^h or ^^jjth in. thicker thun in the 
nppT. The riveting of both lap edges and lap butt** of bulkhead phi ting is 
usually made by a single row of riveUij excerpting in the connection of the 
main bulkhead plating to the deep flfwr plate which fornw the lower |j»rt 
of the hidklu^jul in vn^Jii^^ls with onlinary floors, and the coaming plaint; in 
vessels with doulde bottoms (soe fig, 1H{)). This latter connection Hhould 
be mjido by a double roi^^ of rivets* The spacing of bulkhead rivets slionld , 
be about 4 diameters apart from cot tre to oantro. The rivet holfja in 
tninsverHC flattgca of tho double angle bara connecting the bulkbeitd to iiu 
shell plating wbould alwo \to about 4 diamctcra apart from centi'c Uj c«ntre. 

All bnlkheada mtiat be caulked to ensure watcrtightneBs. This. however|l 
it is only necessary to do u|x>n one aide of the bulkhtrnd. 

In making the connection of the double angle bars round the bulkhe 
to the shell plating, the rivet holes in the fore and aft flange of that barl 
fltt43d upon that side of bulkhead which is caulkc<l should be spaced alK>i]| 
4 to 4i diaiuetei-a iipirt. The rivet holes in the fore and aft flange of the 
other bar which is upon the other aide of the bulkhead should be apaeod to 
the ordinary spacing in frames, xh.^ 7 to 8 diameters apart 

As will be shown wheu we come to deiil more particularly with ahelt 
plating, the most perfrjrfited transverse section of the alicll is in way of th« 
line of rivet holes, spaced, as we have stated^ 4 Uj 4i diametera apart on 
the caulked aide of the bulkhead. Some compensation must therefore be 
made for this excess^ive weakening of the ahc*tl plating* This la done by 
fitting what arc called bulkhead liners, or doubling plates. 
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Internal view of ship, showing connection of 
Bulkhead to Shell and Liner. 



■% 



tBULKHKAD 
LINKR 



/"SHELL PLATING 

B Plan 

Fio. 190.^Connection of Bulkhead to Shell. 




Fig. 191.— Bulkhead Diamond Liner. 



The doubling plates are fitted in way of the outside strakcs of shell 
plates only, and, it is needless to say, are on the inside of the plating. 
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Thoj may be oitlicr rectangiilar or of diamond shape (^gs, IBO eekI 
191), 

It will be notitod in fig, IIK) that the liner extends from inner cKlge Ut 
tuner edge of the iidja<'>ent in Bide Btrake^ of plaUng, and In a fore and aft 
direction over two framo spaces (roiu tho heel of the first frame ahaft the 
bulkhead to the toe of the first fratue forward of the bulkhead* Fig, 191, 
showing the tliamond-shaped liner, is so clear as to need no eomment. 
The spacing of the rivets in these bulkhead liners is usiiallj similar to that 
ilhi«ti"atcd in the sketeh. By means of these doubling plates, fitted from 
gunwale to keel on the inside of all outside Htrake« of shell plating in vesaieb 
with ordinary flcxjra, and from gunwale to tank side in vessels with a douUle 
l)ottom, the loss of strength caused by the aeyere perforation of tlje Bholl 
plating in way of the bulkhead is regained. The^ doublings may be 
dispensed with if support is given to the Bhell in way of the bulkheads by 
horizonta] bnicketa spaced 4 or 6 feet apart. Tn all ca^es, the eolliBton And 
afternicwit bulkheads should have their efficiency and watertightnesai tested 
by filling the fore and after peaks with water to the height of the load 
line. In order to detect more readily where the caidking is fanlty, in the 
event of there being leakage, the collision bulkhead must be caulked upon 
the after side, and the aftermost bulkhead upon the fore side. ThiK same 
rule applies to all bulkti earls botuiding deep wat^r-balhist tanks, that is, the 
caulking should be upon tliat side of the bulkheiid which is the outside 
of the tank* For other bulkheads, it is immaterial which aide is eaulkefi, 
but it is always that side upon which the rivets have been hamraei^d up. 

The usual fornis of rivets adopted in bulkheads which are not exposed 
to view, attd where apijearance is of no moment, are tlie pan- and plug-head, 
with beiit-up p<iiuts, these lieing the most effective rivets for completely 
filling up tliQ rivet holes, and obtaining watertight results (see fig. 140). 

Where, however, the bulkheads are exposed to view upon one side, as 
in the engine room^ for instance, it is more common to adopt the pan-head 
rivet, and to form a snap head on the other side, the snap head being on 
the exposed side of the bulkhead, or to use snap-head and snap-point rivets. 
This certainly gives a better apj>earanee, but, being formed by hand, the 
resulta are ufjt always satisfactory from a watertight point of view* (See 
further n^umrks upon " Rivets," p. 207). 

When a ^t ween -deck bulkhead is stepped one or more frame spa<^8 
either backwards or forwardt*, which, by the way, is often done in collision 
bulkheiuls, ^reat care should lie taken to ensure that the fiat at the break 
in the bulkhead is both well coubIt acted and thoroughly watertight* This 
can be done by cutting the fi-araes in way of this watertiglit flat, and 
running an angle bar continuously along tlie outer edge of the flat, 
connecting the flat to the shell plating, and preserving the strength of 
the transverse frames by connecting tlic up|j<.T frame legs to the watertight 
flat by means of plate brackets (st>e ^tween iJccka, fig* 1 22), 

Another nrethod is that of cutting the reverse hurn in \s'aj of the flat, 
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and doubling the frames for a length of about throe feet to compensate for 
the loss of transverse strength, and joggling an angle bar round the frames 
throughout the length of the flat (see fig. 189, L). 

Another method still, though one that is by no means extensively 
adopted, is to fit cast metal chocks in each frame space between the 
shell and the continuous angle bar on the inside of the frames. A space of 
about three-quarters of an inch round these chocks is filled with fine waste 
metal from drilling machines and rusted with sal-ammoniac and thoroughly 
caulked. 

In arranging the stiflfeners of bulkheads bounding deep water-ballast 
tanks, and commonly also in the caae of ordinary bulkheads, the horizontal 
stifleners are often dispensed with entirely, with the exception, sometimes, 
of a semi-box beam stiflfener, and instead, stronger vertical stiflfeners are 
kneed to the deck at the top, and to the tank top at the bottom when a 
double bottom is fitted (see K, fig. 189). While the foregoing remarks 
upon bulkheads are in accordance with the usual practice of plating and 
stiflfening, in recent years other methods have been to some extent adopted. 
Fig. 189, B, is a horizontal sectional plan, showing a system of flanging the 
alternate vertical strakes of plating, as shown, and by this means the 
plating is made to form its own stiflfening, assisted by deep webs for vessels 
of great breadth in accordance with the conditions previously stated. Where 
this system of flanging is adopted, the plating should be increased in thick- 
ness ^V^h in. for steel or ^th in. for iron. In vessels with double bottoms, 
it is scarcely necessary to add, plate brackets will be required at the bottom 
of the flange stiflfeners as for the ordinary system previously described. 
Fig. 189, G, shows the tank top brackets of the system of stiflfening just 
described, or the brackets may be dispensed with by fitting a large angle 
continuous from margin plate to margin plate riveted to the face of the 
stiffcners and tank top as shown by the dotted lines. Fig. 189, J, shows 
still another system of flanging the bulkhead plating so as to form 
stiflfeners chiefly for 'tween-deck bulkheads. Here, again, the plating 
should be Trjyth in. or ^^^^ i^- thicker. (See also description of bulkhead 
stiflfening to "Large Single Deck Steamer," page 179. See also fig. 62 re 
" Mauretania.") 

Watertight Doors. 

A golden rule to be kept in mind, in considering the bulkhead 
arrangement of a ship, is never to make a doorway, however good the 
system of securing watertightness may be, if it can possibly be avoided ; 
for, as accidents from collision usually happen at unexpected moments, 
such doors are often open at these times, and many a good ship, from no 
other cause, has foundered. The afore-mentioned rule is rigidly observed 
by many of the companies owning large mail steamers. However, door- 
ways through watertight bulkheads cannot always be avoided, especially 
in the 'tween decks when used for passenger accommodation. 
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Fig. 192 illustrates a watertight door, and several different modes of 
construction and fastening. Wherever watertight doors are required 
through a bulkhead below the load waterline, they should be either of 
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Fio. 192.— Bulkhead Watertight Door. 
Enlarged Sketches showing diflVrent Metliods of making Doors Watertight. 

the hori7X)ntal or vertical slidinp: type, and o])ono<l and closed by means of 
rods worked from the upper deck (sec fig. 193). 



Decks. 

Steel Decks. — Under iron and steel decks it is always preferable to ft 
beams to every frame, and where the plating of such decks is thin, say. 
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less than /^ths in., it is imperative that this be done, because thin plating, 
when not supported by closely spaced beams, is liable to sag, or fall hollow 
in the spaces between the beams. Such beams may either be of plain 
angles, or bulb angles, increasing in size (particularly depth) for vessels of 
greater beam (see figs. 12 and 46). When, however, the deck plating is 
over /^ths in. in thickness, the beams may be fitted to alternate frames, 
when the frame spacing does not exceed 24 in. or 26 in. Such beams 
must naturally be of extra strength, bulb plates with double angles, or 
tee bulbs, usually being adopted (see figs. 48 and 49). Apart from the 
beams, the most important structural item in the deck is the stringer 
plate. This is usually of exceptional thickness, the reason for which will 
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Fio. 193.— Watertight Doors manipulated by means of Rods from Upper Deck. 

be readily understood when its function in assisting the shell plating, 
particularly the sheer strake, and in affording general longitudinal strength, 
is comprehended. Thus, in order to combine the deck stringers with the 
shell plating, it has become a common practice, especially in large vessels, 
to make the connection by means of double angles. This is necessary, 
principally in the upper or two upper docks, in large vessels with several 
decks. Where the frames terminate at the upper deck stringer plate (there 
being no erections), these angles connecting the stringer plate to the shell 
may be continuous. Where the frames extend through the upper deck 
stringer plate on account of an erection, and in the way of a lower deck 
stringer plate, these connecting angles must necessarily be intercostal 
(see fig. 76). 

The butts of deck stringer plates should be at least double riveted, 
and, in large vessels, treble. The deck plating is arranged in strakes fore 
and aft across the beams. The edges arc connected by a single riveted 
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lapf and the biiit^ for half lengtli amidships should bo double riiroted, luid 
(tingle at the ends* (fig. 194), 

While stool or iron dt^ks aro often Bttod in preference to wood deek^^ 
the J are often an indiapetisable structural part, required on aaootmt of 
the veesers sisso and proportions. The longitudinal stresses being most 
severe over the midship length, it often happuiis that a steel deck may odIj 
Ijo required for the half length amidships, in which case it should bo 
gradually tapered off from the middle line towards the stringer plates. 
For the same reason, when the deck plating is ^ths of an inch or more in 
thickness, at atuidshipSi it umj be slightly reduced in thickness towarda 
the enda. Owing to the superiority of iron in resisting the attacks of the 
weather, and therefore snflferiDg less from coiTosion, such parts of deck 
plating as are exposed to the weather are comuionly of iron, and elsfr 
where (where covered) of steeh In order to obtain equivalent strengtli, 
the iron plating should be somewhat thicker than the steel. 

Of necessity, nrnncrous openings are cut through the decks of all 
vessels— engine and boiler openingSi hatches, companion^ etc. This 
naturally reduces the strength of the deck, and compensation in eotud 
degree must be provided by thicker deck plating, or doublings, in the way 
of such openings. As the deck is no stronger than its weakest section, 
a certain percentage of the maximum transverse strength should be 
maintained. Thus, over the midship half length, the aim should be to 
secure, especially in the strength deck (upper deck), 80 per cent, of the 
maximum sectional area of the plating. 

Fig, 194 shows the upper deck plan of the vessel whose midship 
section and longitudinal profile are illustrate<l in hga, 12 and 46* The 
diagram shoe's that, as far as possible, butts of adjacent strakes have been 
kept at least two frame spaces clear of each other, and alternate strakes at 
least one frame space. The plating of the deck at the sides of hatches 
and engine and boiler openings hm been increased in thickness ; doublings 
have been fitted at the corners of the openings for all large hatchways and 
for engine and boiler casings, as, especially where sueli comers are 
reotaagiilar, there is the tendency, owing to the severity of the racking 
stresses in such looalitics, to rupture. Doublings have also been fitted 
at the sides of small bunker hatches* When it is ui tended to sheathe a 
steel deck with wood, the strakes of deck plating should be arranged 
alternately, one in, one out (see wood decks, fig, 76). A slight reduction 
neoeesanly takes place in the thickness of the wood deck over all outside 
strakes of plating. The wood deck over the inside stnikes should bear 
hard down upon the plating, and upon no account should the objectionable 
practice of fitting wooden packing pieces be permitted, in order to savd 
thicker plankit^g, or the trouble of efficient fitting. A sheathed steel or 

* Tht^ ovtiHajna of the biitta of d«ck jiltiting ahouM kick towArds amidflhi|m. Tiiia (ia 
WkkU having Khei^r) prvveuig wator lodging at the butl. mnd eventually i inuring thA 
OAulicuig. 



Butts of Sheer strike 

j/ 




LL 



Bnss Grating 



* Skyltgtit or 

Companion Coaming 



Storm Valve^: 



^ 



E 
Scupper 



am 

I 

wooden 
Deck 



DETAILS OF CONSTRUCTION. 26 1 

iron deck should bo well coated with reliable bitumastic composition or 
vegetable tar, for it will easily be seen what havoc may be wrought in the 
deck plating in the event of water finding its way through defective 
caulking in any seam or butt in the deck planking, an occurrence not at 
all infrequent When the deck plating is unsheathed, it is preferable to 
arrange the strakes of plating each in and out like the slates upon a roof, 
as shown in the midship section, figs. 12 and 46. By this arrangement, 
water on deck naturally flows towards the waterways, and finds its way 
through the scuppers. Every possible means should be taken throughout 
the vessel to prevent the lodgment of water, if the structure is to be 
preserved from corrosion and decsy. 

All steel decks should be thoroughly watertight, hence every seam and 
butt must be properly caulked. In the case of upper decks uncovered by 
erections, the watcrtightness against the shell plating is easily secured by 
the gunwale bar, which also ought to be caulked against the shell and the 
deck. In the way of the erections, and in 'tween decks, where the frames 
pass through the stringer plate, the watcrtightness is obtained by fitting a 
continuous angle bar along the toe of the transverse flange of the frame, to 
which it is connected either by an angle lug, or the extended reverse bar, 
and an intercostal angle between the frames against the shell ; the space 
between these two angles is then filled with good cement. 

Where the most satisfactory and reliable method of effecting wateiv or 
oil-tightness is desired in a deck through which the frames extend, either 
joggled bars are fitted roimd all the frames, or else the frames are cut and 
a continuous angle attached to the shell and deck stringer plate, as shown 
in the 'tween decks of the midship section of- the oil steamer, fig. 1 22. In 
this case the continuity of the strength of the frames is maintained by 
means of bracket plates to the decks. When the continuity of a steel 
deck is interrupted, as in the case of the raised quarter deck type, where 
the main deck extends for a certain length of the vessel, and is then raised 
several feet, after which it is known as the raised quarter deck, compensa- 
tion for the break must be made. This is done by overlapping the decks 
(see fig. 47), e:;:cepting in very small vessels, when the main and raised 
quarter decks are bound together by large bracket plates well riveted to 
the bulkhead at the break. 

Wood Decks. — When wood decks are laid upon the beams, they ought 
to be scored out on the under side in way of all tie and deck plates. No 
packing pieces should be allowed. The butts of the deck planking should 
be carefully arranged, there being at least three clear shifts between any 
two butts in the same beam space. Beams under wood decks are usually 
fitted on alternate frames, and are generally of bulb plate and double angles 
or tee bulbs. The butts of the deck planks should always come on the 
centre of the beam or on a deck plate. The butts are practically always 
of the vertical kind as shown in fig. 194, A. 

The ftoitastic butts sometimes illustrated are seldom, if ever, adopted in 
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mercantile shipbuilding practice. When the deck planks are 6 in. hi width 
or under, a single through-bolt through every beam is sufficient. When 
the planks are above 6 in. and not more than 8 in. in width, there should 
be one through-bolt and a short screw-bolt on the under side in every 
beam. All planks over 8 in. in width should be fastened with two through- 
bolts through every beam. Through-bolts should be nut and screw. It is 
preferable that all bolts be galvanized. They should be properly sunk in 
the deck with their heads well bedded in oakum and white lead, and their 
heads should be carefully covered with turned dowels also bedded in white 
lead or some suitable composition (sec fig. 194, A, for sketches of bolts, 
dowels, etc.). 

The beams should be well painted with good red lead paint before the 
decks are laid ; and in some cases, in order to preserve the appearance of 
the dock, by preventing discolouring due to rust water oozing through the 
butts, felt, dipped in red lead, is placed under the butts. In very high- 
class work, zinc slips are fitted on the beams under the butts. 

It is always bettor that the wood deck, alongside of iron deck-houses, 
waterways, hatch coamings, etc., be of either teak or greenheart. All 
»oams and butts should bo ciuilked with oakum, and filled in with marine 
glue or some other suitable composition. When openings are cut through 
the dock for conipauions or skylights, care should be taken that the deck 
planks next to the openings aro so secured as to prevent their yielding, due 
to the pressure caused by caulking. An excellent method of fitting an 
angle bar round such opouings is illustrated in fig. 194, B. For the same 
rojison, an angle bar should l)e fitted alongside all waterways. 

All wood for decks should be free from sap, shakes, and knots, as far 
as possible. It should be well seasoned, and of good quality. Yellow 
pine, pitch pine, and teak are among the principal timbers used, and not 
less than six months should be allowo<l for seasoning. 

Teak decks, which are very duniblo, may bo of less thickness than 
would be required for pine docks. In laying a deck, care should be taken 
that the weather side (the hard side) be uppermost, with the heart 
downwards. 

When a wood deck is laid upon a steel deck, the butts and fastenings 
may come between the beams. 

In order to get rid of the water which on weather decks naturally 
drains into the waterways, it is necessary that scuppers be fitted. Fig. 
194, C, D, E, and F, shows four different kinds of scuppers. 

C shows a small aperture, 3 in. or 4 in. in length, cut through the 
sheer strake immediately above the deck stringer plate. The gunwale bar 
is preserved continuously as shown. 

In F, owing to the gunwale bar being cut at the scupper, a compensation 
bar is fitted on the under side of the stringer plate. 

D and E are forms of scuppers adopted in bridges, or poops, or 'tween 
decks, water finding its way into these through a perforated brass plate 
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fitted into the stringer plate, while storm valves are usually fitted to the 
shell exit to prevent water finding its way into the ship through the 
scuppers ; or, in some cases, screwed lids are fitted on to the perforated 
deck plate for the same purpose. 



Outside Shell Plating. 

While the skin or covering over the framing of all vessels is an indis- 
pensable part of the structure, in iron or steel vessels the outside shell 
plating, while performing the work of a watertight skin, is also the 
principal structural item in the ship girder. A steel ship being composed 
of a vast number of minor girders, each contributing its share to the 
strength of the whole, it follows that to consider alone the isolated 
efficiency of any particular part is unfair. Thus, while the shell plating 
affords enormous longitudinal strength to the vessel, it depends upon 
the assistance of the transverse framing, as well as upon the keelsons, 
stringers, and decks, in being held to its work, and developing its fullest 
efficiency. Some parts of the outside plating develop more strength 
than others. This is discussed in Chapter V., on " Stress and Strength," 
Thus, it is usual to find in all seagoing vessels that the plating is of 
increased thickness on the topsides, particularly in the sheer strake, and 
possibly in the strake beneath. In some cases, especially in large long 
vessels, the sheer strake may even be doubled. As the sheer strake is 
usually and preferably an outside strake, such a doubling would generally 
be placed on the inside of the sheer strake. Increased thickness of shell 
plating is often found to be necessary in one or more strakes of the bilge 
plating, which is the lower extremity of the ship girder, just as the sheer 
strake forms the upper. As the longitudinal stresses are greatest over the 
middle length of the vessel, and are gradually reduced towards the ends, a 
reduction in structural strength is permissible. We therefore find that all 
classification societies allow for this in their rules. The midship thickness 
is usually continued over the half length amidships, reduction gradually 
taking place towards the ends. However, when we come to the keel and 
stem frame, the local requirements demand that thick plating be adopted. 
In the case of the keel, this is easily understood when it is remembered 
that there is the possibility of the vessel frequently lying aground, with 
consequently severe wear and tear. The necessity for thick plating, where 
flat plate keels are adopted, is obvious. When a keel of the bar type is 
fitted, the strakes of shell plating which are attached to it on either side 
(the garboard strakes) again require to be of exceptional thickness. This 
is necessary in order to obtain plating somewhat compatible with the 
thickness of the bar keel and its large, widely-spaced rivets. The absurdity 
of riveting a thin plate to a thick bar with large rivets widely spaced is 
evident, if watertightness is to be ensured. As previously pointed out, the 
lower edge of the garboard strake should be kept about a quarter of an 
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inch froiu the bottom of the keel, not oulj to fjii;iUtate &aiilkirtg, anA 

rolieve the plating of etraiu in the event of grounding, but to preserre the 
caulkmg and wntcrtightoeaH, wliicli wouJd eufler slionkl such ve^@e]j9 be 
accuatomod to chiife 00 sandy bats or bottoms. The shell plating which 
is connected to the stern framo shotikl be at least of the midship thickness 
for reasons just given where phitas have to be (jouuectod to thick ban* or 
forgings* Moreover, the vibration which is siifferod in this localitji owing 
to the action of the propeller when being immersed find emerged in heavy 
aeaS} demands that the ttiicknesses of the material conuceted bear some 
oonsistent relation towards each other Thick plates are particularly 
required round the boss* As Ixjth boss and oxter plates (shell phiting over 
propeller arch) have to be furnaced and hammered in order to be bronght 
to their required shape, tliese plates must be auncJiled Iwfure Ijciiig fijfc^l in 
position. By increasing the thickness of the «hell plating ut the fore end 
for about 20 or 30 ft from the stem, ships which have frequently to break 
their way through ice may be couHiderably strengthened. Such thickening 
of uhoU plating will also enable the vessel to more effectively reMi^t panting 
action, and minimise the tendency in lightly-biiiit vessels to fidl hollow 
between the frames, owing to the pressure ufion the lx>ws when driving 
ahead. This also make» a more satisfactory connect ion to tiic 8 tern bar* 
Where this increased thickness is adopted only on account of the pcwswibUity 
of ice hehig encountered J such increase of thickness need only e:Etend 
between light and Iqid lines. Two or three shell strakcs on either aide of 
the keel should of necessity be at lesst equal to the thickness of such 
strakcs am]dshi|>s for say -^th of the TesseFs length from the stem^ on 
aeeonnt of the severity of the thumping or pounding which especially bhiflf 
ships experience when driving ahead and plunging into head seas. Valuable 
strength is further afforded in this region by carrying all intercosUils 
between the floors as far forward as possible, or even by introducing 
additional intercostals ; and also by doubling the frames round the lower 
girth of the shell in this locality, in which case two flanges instetui of one 
support the shell plating. 

A most important consideration in the arranging of shell plating 
should be to ensure a good disposition of butts. No butts in adjacent 
strakes should eome naarer to ^uih other than two frame spaces, and in 
altornate strakea than one frame spitce. Similarly, butts of deck stringers, 
side stringers, tank margin plates, centre through-plates, keelsons of bar 
keels^ or butts of side bar keels, should be kept clear. 

Fig, 1 db illustrates an expansion of the shell of one side of & veosel, aod 
shows the disposition of butts, etc. 

Where very short plates are adopted in the outside shell, to mjry out 
such an arnnigemotit would be impossible ; hence it is usual to stipulate 
that no shell plates b© lesa than 7 frame spaces in length, excepting the 
plates at the extreme ends of ships. Indeed, w^ith the adoption of hirger 
and improved mathtuery in recent years, shell plates of 10 and more franui 
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spaces in length are commonly adopted. The nature of butts and seam 
connections, including the riveting, has already been fully dealt with and 
illustrated. See " Rivets and Riveting," p. 204. 

Fdcking, — When the strakes of shell plating are arranged alternately, 
one inside (i,e, bearing upon the frames) and one outside {i.e. the edges 
resting upon the edges of the adjacent strakes and forming the seams), as 
illustrated in figs. 12, 48, etc., it will be seen that something must be done 
to secure a firm connection between the outside strakes and the frames. 
This is effected by fitting what is called " packing iron " on all frames in 
way of all outside strakes of plating. This packing iron must necessarily 
be of the thickness of the adjacent inside strakes. The riveting through 
all outside strakes and the frames must therefore pass through this packing 
iron. Packing iron is necessary, not only in the shell plating, but in decks, 
tank top, etc., when this arrangement of plating is adopted. When a steel 
deck is laid with the strakes of plating in and out, as shown in the three 
steel decks of fig. 48, and also on the tank top of the same fig., the packing 
iron must of necessity be tapered to suit the shape of the space between 
the beam or reverse bar and the plate, as the case may be. Sometimes an 
in and out strake is adopted in the shell plating (see the bilge strake in 
fig. 48), when taper packing is likewise necessary. All this packing 
obviously adds greatly to the weight of a vessel ; but in recent years it 
has been largely dispensed with by joggling the edges of what would 
be the outside strakes of shell plating, decks, tank tops, etc. (see figs. 82, 
85 to 90). See page 222 re riveting in seams of joggled plating. 

By this means, not only is a saving of weight effected, but superior 
workmanship is assured, for a standing rule ought to be, never to rivet 
through more than two thicknesses if it can possibly be avoided, — the less 
the number of thicknesses, the more reliable the riveting. 

The strength of butt joints, and the size and spacing of rivets in both 
seams and butts, has already been dealt with (see page 211). In order to 
obtain watertightness, and to thoroughly close up the shell plating, the 
following two points should be noted : — 

Where the seam overlap of an outside strake passes over a butt lap in the 
adjacent strake (see section through plate landing x y, fig. 196), the plating 
of the butt under the landing is planed off in a tapered form, as shown in 
the dis^ram, so as to allow the outside strake to bear close on the inside 
strake, without leaving a tapered aperture, which would otherwise exist were 
this planing operation not adopted. In the event of this not being done, a 
piece of tapered packing iron would have to be fitted. In lapped butts of 
outside strakes, it is not practicable to so plane the butt, and thus tapered 
packing pieces long enough to take at least three pairs of rivets are fitted. 

Wherever the shell plating is weakened owing to excessive perforation 
by rivet holes, or by the cutting of doors or openings of any kind, com- 
pensation should be introduced. Thus, in way of all watertight bulkheads, 
the shell is perforated by a row of closely spaced rivet holes. This weak- 



266 



STEEL SHIPS. 



uess is componsatod for by the fitting of bulkhead liners in way of the 
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outside strakes (see figs. 190, 191, 195, 127, and 128), or hori7X)ntal brackets 
(sec page 256). Bulkhead liners have already been more fully dealt with in 
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the section on "Bulkheads," as well as in the section on "Oil Steamers." 
When side lights are cut through a sheer strake, compensation for the 
weakening of the strake should bo mtroduced, either by increasing the 
thickness of the plating, or doubling the same, or fitting stout angle bars 
for at least one frame space in length over all such openings. When open- 
ings for doors of any kind are cut through the shell plating, compensation 
must bo made by fitting doubling plates above and below such openings, by 
framing the opening with stout auglo bars, by fitting vertical webs upon 
each side of the opening, and a fore and aft girder upon the shell above 
these openings extending a few feet fore and aft on each side of the door- 
way. Such of these methods should be adopted as are in accordance with 
the special requirements of the case. In very large vessels and in vessels 
of extreme length in proportion to the depth, to fit doublings to the sheer 
strake, and in some cases even to the strake below, is sometimes necessary. 
When this is done, the butts are usually connected by means of straps, these 
being necessary for the doublings as well ivs the other plating. 

At the ends of bridges and raised quarter decks or any other erections 
terminating on the half length amidships, doublings should be fitted to the 
sheer strake, or, in the case of raised quarter decks connected to bridge 
houses, the raised quarter deck side plating above the sheer strake should be 
doubled, the doubling to extend from four or more spaces along the bridge 
side to a considerable distance abaft of the break, according to size of vessel. 
Doubling plates should be fitted round hawsepipes (see Doublings, fig. 195). 

The bulwark plating at the cuds of long poops and forecastles, and at 
both ends of bridges, should be increased in thickness, so as to somewhat 
reduce the sudden interruption in longitudinal strength which such erections 
create. All openings through the bulwarks for watcrport doors, or mooring 
ropes, should have narrow doubling plates fitted round them. As the 
bulwark is usually constructed of thin plating about \ in. in thickness, it 
obviously requires stiffening upon its upper edge. This may be done by fit- 
ting special sections of bar iron, which are rolled for this purpose, or bulb angles 
with half round iron on the outer edge, or even, in some of the cheap tramp 
types of vessels, a couple of half rounds, one on cither side of the top edge of 
the bulwark plating, may be fitted (see figs. 10, 11, 12, 48, 110, 111, 116). 

The bulwark plating also requires supports of some kind from the deck. 
These may be specially forged round iron stanchions with a palm on the 
top, and a fork at half the height, with a palm to take the bulwarks, the 
lower end of the stanchion having a specially formed foot by means of which 
a two-rivet connection may be obtained to the deck plating or waterway 
bar. Other forms of bulwark supports are also made of tee bars and bulb 
plates (see figs, last referred to). 

These bulwark stays should not be spaced more than about 6 ft. apart. 

When the butts in the sheer strake are strapped, it is preferable to fit 
the straps on the outside, covering the full width of the plate. But 
as this is not only unsightly but often inconvenient, the stra^^ ate 



268 STKKL SHIPS. 

fitted on the inside, when they should extend from the edge of the strake 
below to the extreme top of the sheer strake, in which case the gunwale 
angle bar should be joggled round the straps. When double straps are 
required to the sheer strake, the outer one must extend over the full width 
of the plate, while the inside one may extend from the edge of the strake 
below to the deck stringer plate, and be fitted in a separate piece from the 
bosom of the gunwale bar to the top of the sheer strake. In this case, a 
l)acking piece must be fitted above the top flange of the gunwale bar. 

The sheer strake ought to extend sufficiently high so as to got two rows 
of rivets through the straps above the gunwale bar. 

All butts should be ciirefully planed and fitted close. All butts and 
seams must be thoroughly caulked. 

In preparing a shell plate for its position in the ship, the position of all 
frame rivet holes (which are punched before the frames are erected), and 
rivet holes in the scams of adjacent plates, are transferred to the new plate, 
by means of a template. A template is a framework made of thin wood 
large enough to cover the area of the plate, with wooden bars across in way 
of each frame. This is pinned on to the vessel in exactly the same position 
which the plate itself will occupy, and by means of a whitened cylinder 
the positions of the rivet holes are transferred to the template. The 
template is then taken down and laid upon the plate, and by means of 
what is called a reversing tool the rivet holes are re-transferred to the plate, 
which is then carried away to be punched, countersunk, and sheared to 
its exact size. It is then lifted into position in the ship by means of block 
and tackle, and securely lx)lted in place. Indeed, the plate must be held 
by a sufficient number of bolts so as to bring it absolutely close to all 
surfaces upon which it must fay. In riveting such a plate, especially 
where the length is great, the riveting is performed from the centre 
towards the outer edges. By this means, if any slight expansion occurs, 
due to haunnering, and heat from the rivets, it is evenly distributed in 
all directions, and is therefore practically imnoticeable. 

In those parts of the shell where there is considerable change of form, 
the exact curvature of the plate is ascertained by strips of bar iron (set 
irons) bent to the correct shape at two or more positions in the length of the 
plate. The greater numl)er of shell plates can be bent to their required 
shape in the " rolls," manipulated by skilful platers. 

Plates of more irregular shape need to be furnaced and hammered into 
the required form, and should be annealed. 

Stealers, — On examining the shell expansion plan, fig. 195, it will be 
observed that owing to the greater girth amidships, as compared with the 
girth towards the ends, notwithstanding the effiict of sheer, the strakes of 
plating get gradually narrower and would eventually become little more 
than mere strips were they continued to stem and stem posts. This is 
obviated by introducing what are termed " stealers " — plates of sufficient 
breadth to take two strakes. Several "stealers" are shown in fig. 195. 
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Stem Frames and Rudders. 

Stem Frames, — The function of the stem frame in a single-screw steamer 
b to afford support to the rudder and to the tail end shaft and propeller, and 
to provide an aperture in which the propeller may revolve. The usual form 
of stem frame for vessels with single screws is shown in figs. 197 and 198. 
Its principal parts are, an after or rudder post, into the gudgeons of which 
the rudder pintles are fitted, and a fore or propeller post, through the 
boss of which the tail end shaft passes to carry the propeller. It is 
obvious, therefore, that with the enormous stress which must be borne by 
the stem frame, especially in large high-speed vessels, the stem frame must 
be exceptionally strong in itself, and at the same time that the connection 
to the main hull of the vessel must be of the most efficient character. 

Stem frames may be of cast steel, or forgings made by first forging parts 
of the stem frame in separate pieces, and then welding the whole together. 
Naturally, great care must be exercised in the manufacture of a stem frame. 
The material should be as free as possible from any excess of those elements 
which are known to produce brittleness. If castings are adopted, they 
should be free from blow-holes and cavities of any kind ; and in the case of 
forgings, the utmost care is necessary m making the welds uniting the 
several parte. The classification societies specify the dimensions of a section 
through the stem frame, based, as a rule, upon the 2nd numeral. Though 
it is common to preserve the sectional area all round the stem frame, it is 
perfectly reasonable to reduce such area on that side of the frame supported 
by the shell plating. When a vessel trims by the stem, it follows that, if she 
comes mto shallow water, the aftermost extremity of the keel, which would 
be formed by the base of the stem frame, would be the first to touch the 
bottom. This has frequently happened, with the result that the stem frame 
has been broken usually at the bottom of the aperture. Sometimes, by 
fitting a shoe strap, the stem frame may be sufficiently repaired so as to 
continue to serve its purpose. In other cases, where the damage has been 
more extensive, the whole stem frame has had to be renewed. 

When the whole stem frame is made of a casting or forging in one piece, 
the enormous difficulty, and labour, and expense, not to mention loss of 
time incurred in extricating the broken stem frame from the hull, and in 
ordering and refitting a new stem frame, will be apparent. To obviate this, 
the arrangements shown in figs. 197 and 198, wherein the stem frame is made 
in two or more pieces connected by means of scarphs as illustrated, is now 
commonly adopted, especially in large vessels, and as the damage from 
groimding usually takes place either at the bottom of the aperture or in the 
after post^ it will be seen that this piece can be renewed with comparative ease. 
A commendable method which may often save a stem frame in the event 
of grounding, is to lift up the frame at the bottom of the aperture from the 
propeller poet to its aftermost extremity, as shown in figs. 197 and 198. As 
this may, in some cases, bring the lower part of the stem frame round the 
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Fm. 197.— Stern Frame for a Single-Screw Steamer. Frame in two 
jMirts connected by Scarplis. 
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bottom of the aperture, in too close proximity to the propeller, the frame is 
reduced in depth, but increased in breadth at the bottom of the aperture, pre- 
serving the sectional area, as shown by the plan of the stem frame, fig. 197. 

The connection of the stem frame to the hull, which, as previously 
stated, should be of the most thorough character, is effected — 

1st. By carrying up the after, or rudder post, to a height sufficient to 
enable a good connection to be made to a thick plate called a transome 
floor, which extends from side to side of the vessel above the counter 
on the fore side of the post (see fig. 197, B and C). This transome 
plate should be at least one and a half times the depth of an ordinary 
midship floor. 

2nd. In large vessels, and in all single-screw vessels of high speed, the 
fore or propeller post should extend to a height suflicient to enable a good 
connection to be made to another deep transome or floor plate (see figs. 
197 and 198). 

The rudder and propeller posts are connected to their respective transome 
plates, either by means of large stout angles (see fig. 197, B), or by having 
a projecting flange upon the post itself, through which the rivet holes are 
drilled for the connection to the transome plate (see C). 

3rd. The lower part of the stem frame, which projects forward of the 
propeller post, should be of suflicient length to enable a good connection 
to be made to the keel. In screw steamers, shipbuilders usually make this 
projection at least three frame spaces. Lloyd's require that the projection 
be at least 2 J frame spaces before the propeller post in steamers, and 1 J in 
sailing vessels and paddle steamers. When the keel is of the bar type, the 
stem frame is connected to the keel by a scarph, as shown in fig. 149, which 
is in every way similar to the scarphs uniting the several lengths of the bar 
keel. When the keel is of the side bar type, the scarph is formed as shown 
in fig. 150. When the keel is of the flat plate type, the projection forward 
of the propeller post is usually formed as shown in fig. 197. It will be 
seen that it tapers in respect to its depth ; and forward of the check on the 
bottom of the projection, where the keel plate terminates, it is hollowed 
out, and conforms to the shape of the bottom of the vessel. The keel 
plate is thus riveted to the stem frame by indeiKJudent rivets for each 
side. 

4th. The stem frame is finally attached to the hull by means of the 
shell plating, which is riveted to it by at least two rows of rivets arranged 
in zigzag fashion. These rivets should be spaced not more than five 
diameters apart, and should be about a quarter of an inch larger in diameter 
than would be requirccl according to the thickness of the plates, which 
ought to be, at least, as thick as the garboard strakes. They need not 
exceed 1^ in. in diameter, as it is practically impossible to get eflftcient 
hand riveting with larger rivets (see fifi^, 198). 

Although the shell plating is reduced in thickness from the half-middle 
length to the ends, the plates which take the stern frame should Ikj at least 



STEEL SraPS. 




DETAILS OP CONSTRUCTION. 



273 



equal to the midship thickness, or garboard strake thickness, and especially 
so round the boss of the propeller post, for the absurdity of connecting a 
huge, heavy stem frame, weighing twenty or more tons, to comparatively 
thin plating by large rivets must be apparent. 

The rudder is supported and secured to the propeller post of the stem 
frame, though with every facility to swing freely, by means of pintles, 
which fit into a number of gudgeons on the mdder post of the stem 
frame. Detailed sketches of various designs of gudgeons are shown in 

Flan of Nut 




Fio. 201.— Fitted Pintle. 



Fio. 202.— Fitted Pintle. 



figs. 199-205. The spacing of these gudgeons upon the stem post should 
not exceed 5 ft 6 in. Whether the stem frame is of cast steel or forged 
iron, the gudgeons should form an integral part of the post. The weight 
of the rudder is usually home upon the bottom gudgeon, though, in some 
cases, the weight is taken upon one of the decks, through which the rudder 
stock passes, by means of a collar forged on to the post which rests upon a 
suitable casting firmly secured to the deck and well supported. Figs. 198 
and 200 illustrate a method of carrying the weight of the rudder upon 
one of the upper gudgeons. The gudgeons, upon both stem post and 
nidder^ are solid, hard steel disc bearing surfaces being fitted to both. The 
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"Ocean Steamship Co.," of Liverpool, have shown in their latest single- 
screw steamers that the huge, heavy, costly, and cumbersome stem frame 
can be dispensed with altogether by the ingenious and well-thought- 
out arrangement illustrated in fig. 107. 




Fia. 208.— Pintlets forged on Rudder Post (unbiished). 

This system of stem arrangement has already been dealt with 
on p. 173. Notwithstanding the radical change which has taken place 
in this stem arrangement, and the suspicion with which such inno- 
vations are often viewed, these vessels have performed with complete 
iuccess the round journey to China and back, carrying a deadweight 
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of over 8000 tons, while the increased facility for steering has proved 
a decided advantage. Cutting away and dispensing with the fin 



Steeffifi 




Fio. 204. —Locking Pintle. 




Fio. V06.— Bottom Pintle. 



of plating extending from below the boss to sonic distance forward, 
has not only lessened the resistance to steering, but reduced the 
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severity of the straiDing and vibration which are umially experienced Id 
this neighbourhood. 

The rudder, which is of special design (see fig. 107), is of such a 
shape as to offer the least resistance to propulsion compatible with the 
principle of its design. 

Stem Arrangement for Twin Screws, — In all vessels with twin 
screws, there comes a place towards the stem where the propeller 




Fio. 206.— Rudder Stopper. 

shafts would emerge from the hull, if the usual form of hull were in 
no way modified. The length, from the point where the shafts so 
emerge to the propellers, will vary according to the size and fineness of 
the lines of the vessels; therefore in all such cases the shafts require 




Fio. 207.— Enlarged View of Rudder Stopper Gudgeon (see fig. 198). 



support at their aftermost lengths. The old-fashioned method of affording 
this support was by bossing out a few frames round the shaft in the 
neighbourhood where it would emerge through the shell plating, and at 
the aftermost extremity supporting the shafts by means of struts such 
as shown in figs. 208, 209, 210, and 211. These struts may be either 
forgings or castings. 
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K,o 208 -ConnecUon of StruU with Stem Frame in Twin-Screw 

Stel^crs: «. Elevation ; 6. Transverse SecUou. 




ifia. 209.— Mode of Strengthening Ship at the after end and attaching 
Struts to Shell Plating. 
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Sectional Elevation of Strata. 
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Fig. 211.— Struts carried through Shell Plating into Watertight Chamber. 
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Flo. 212.— Stern Fnune and Spectacles for Twin Screw Steamer. 
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Locking Pintle 



Fitted Pintles 
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Fig. 208 illustrates a stem frame somewhat after the pattern required 
for a single screw. The aperture in this case is necessary, because the 
propellers overlap to some extent, and, as the diagram shows, the stem 
frame is manipulated to receive the palms at the upper and lower ex- 
tremities of the struts. 

In fig. 209 the propellers are amply clear, and no aperture is necessary. 

In this case, the upper palms 
of the struts are riveted on 
to the shell plating, which is 
doubled, and supported by a 
thick bulkhead with large, 
thick, double angles through 
which the rivets of the upper 
palms piiss (see fig. 210). 
The lower palms are riveted 
through the keel bar, or 
through the keel part of the 
stem post. In fig. 211 the 
struts pass through the shell 
plating, and the upper palms 
are secured to a fore and 
aft and to a transverse plate, 
as shown; but by far the 
best method of supporting 
twin-screw shafts at their 
aftermost extremities is to 
carry the framing round the 
shaft right aft to the pro- 
pellers, and to work the 
shell plating round this. 
With a sufficient number 
of transverse ties and bulk- 
heads, this arrangement is 
exceedingly strong, and much 
less liable to suffer damage 
than the stmt arrangements 
previously described. 
Special support is provided for the extreme ends of the tail 
shaft by means of what are commonly known as the spectacles. This 
is usually a steel casting in one piece, firmly bolted through the 
fore post of the stem frame, and securely riveted to the bossed 
plating of the shell. The notes upon the diagrams are sufficient 
to give a general idea of this mode of construction (figs. 212 
and 213). See fig, 63, i:^iem Castings *^ Mauretania" {quadmpU 
screws). 
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Fig. 214.— Frame Rudder. 
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Eudders. 
Rudders for merchant stcameFB may be divided into two kinds, the 
ordinary frame rudder, and the [>late rudder. The frame rudder is usually 



Udrgedfiew 




Section through Rudder between tne 
arms showing groove in post 
Fio. 215.— Plate Rudder, showing Arms shrunk on and keyed. 

a forging, and in construction as illustrated in fig. 214. The rudder frame- 
work is plated on each side, and the space between the two plates is filled 
in with wood. The number of stays, stiffening the rudder in a fore and 
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aft direction, varies with the size of the rudder, but one is usually placed 
opposite each gudgeon. Until within recent years, the rudder frame and 
stock was generally all one forging, but the awkwardness and inconveni- 
ence of unshipping a large rudder of this kind made it advisable and 
practically necessary to build the rudder in two separate parts. In 
such cases the upper rudder stock is an entirely separate forging or 
casting connected to the main rudder itself by a bolted coupling. These 
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Fro. 216. — Wedgwood's Patent Rudder Coupling. 



couplings may be either vortical or horizontal (see figs. 214, 215, 216, 217, 
and 198). 

The plate rudder is somewhat different. It consists of a main post 
usually coupled to the stock, and instead of a plated frame, a very thick 
plate formed to the required shape of the rudder is notched into the main 
rudder post, and supported at intervals with arms alternately on each 
side, which may be either forged into the post or shrunk on, as shoiim 
in figs. 198 and 215. The rivets connecting the side plates to the rudder 
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frames in the case of fninie rudders, and the thick plate to the arms 
in plate rudders, are usually spaced about five diameters apart. In the 
case of classed vessels, the size of rivets is specified by the registration 
society. 

Stem Frame Gudgeons and Rudder Pintles, — As before stated, the 
gudgeons are forged on to a forged stem frame, or form part of the 
casting when of cast steel. The pintles on the rudder may either form 
part of the forging of the rudder frame, as shown in fig. 203, or, 
as is much more commendable, the pintles are fitted separately, and 
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Fio. 217.— Sketch of Vertical Rudder Coupling (Manlachlan's Patent). 



held in position by a nut with a check pin, which bears upon the 
head of the nut (see figs. 201, 202, 204, 205, and 199). Fitted pintles are 
also illustrated in the rudder frames (figs. 214 and 215). 

A considerable amount of wear and tear must eventually take place 
owing to the incessant wearing action incurred by the rudder's move- 
ments when the vessel is under way. Numerous devices are adopted 
to prevent, or, at any rate, to make the wear and tear of such a nature 
that it can be repaired with a minimum of inconvenience and expense. 
When the pintles are forged to the rudder and fit into the gudgeons, 
as in fig. 203, with no other l)earing surfaces than the bare metal of 
which they are made, repair is not always an easy matter. If the 



288 STEEL SHIPS. 

decks, and the omission of so many hold beams, necessitates efficient 
compensation. 

We have already seen how the deck ends are bound together and carried 
on the thick fore and aft coaming plates, but, in addition to this, a good 
number of extra strong continuous beams should be fitted wherever 
practicable in way of all the decks ; and by converting these, where possible, 
into semi-box beams by uniting and covering them with plating, valuable 
strength is introduced (see figs. 47, 48, 49, and 75). 

Especially in high-speed vessels is there the tendency to excessive 
vibration where this part is in any measure weak. To ensure against this, 
and to make the vessel as rigid as possible, not only are the reverse bars 
doubled on the floor plates under the engines and boilers, but the double 
bars are sometimes carried to the upper deck. To compensate for the loss 
of through-beams, it is also found to be very beneficial to the vessel to 
introduce several web frames into these spaces, and to thoroughly connect 
the stringers to them, as illustrated in fig. 48. In vessels having double 
bottoms, one or more additional intercostal girders should be introduced, 
at any rate under the engines, while the tank top plating in these spaces 
should be increased in thickness. On account of the rapid corrosion 
which shipowners find to take place, especially under boilers, the tank top 
plating is sometimes entirely dispensed with, and a form of construction 
similar to that shown upon fig. 218 is often adopted. 

It will be noticed that the tank margin plate is carried continuously all 
fore and aft, while the keelsons shown must bo scarphed into the double 
bottom. In some cases the double-bottom form of construction is carried 
continuously all fore and aft, with the exception that large openings are left 
through the tank top plating between the floors and the fore and aft girders, 
which are so large as to permit of easy and ready access at all times. 

Mdsts and Derricks. — Masts are nowadays most frequently made of 
steel. In sailing vessels, whore thoy are very long and of large diameter, 
there may be three plates in the round, with angle or tee bar stiffeners 
throughout their length. 

In steamers, however, where the masts are usually short, carrying very 
little sail, two plates in the round are usually adopted, with or without 
stiffeners as the case may require. All masts should be doubled in way of 
the wedging at the upper deck for a length of about 4 ft. above and below 
the deck. The butts of the plates should be well clear of each other, and 
connected by either straps or overlaps. The edge riveting is usually single 
in steamers, while the butts above the upper deck should be treble riveted, 
and below, double riveted. Masts are secured at the deck and heel by 
angle collars which may be riveted or wedged to the mast, and also by 
means of a good disposition of shrouds well connected to the sheer strake 
(see figs. 47 and 49). 

In small vessels, or in vessels of moderate beam, the derricks for the 
loading and discharging of cargo are usually pivoted to the mast^ as shown 
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in fip*. 91 and lOS. Derricks always swin^i: most easily when the masts aro 
perfectly vertical, having thoR»foro no rake. In large vessels of great beam, 
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the length of derrick, to enable cArgo to be swung clear of the vessers side, 
would be so extraordinary, that some moans have become necessary to 
curtail their length within reasonable dimensions. This can bo done by 
fitting special derrick posts to the deck, or by making the main ventilators 
of extra strength and height to serve as supports upon which the dexricks 
may swing (fig. 222). 

But by far the best system of arranging the derricks is as shown in 
figs. 223 and 224. In this arrangement, special tables are fitted to the 
mast at a height of about 7 ft. from the deck, and supported by stanchions 
and brackets as shown. The length of these tables transversely from the 
mast will depend upon the beam of the ship and the minimum length of 
derrick required. The advantage of relieving the derrick tables of as much 
thrust from the derricks as possible, by fitting a post from the deck to 
the derrick heel as shown, is obvious. * Fig. -223 shows an arrangement 
of mast tops so designed that the pivoting point of the derrick topping 
lift is vertically above the derrick heel, thereby greatly facilitating the 
easy swinging of the derrick. The derricks as illustrated in figs. 223 and 
224 are such as are fitted to the steamer in fig. 104, which is designed for 
the rapid loading and discharging of cargo. Three derricks, it will be 
seen, are fitted to the fore and to the after side of each mast. Fig. 223 
shows the middle derrick resting upon a small table just above the larger 
tables, while fig. 224, B, shows a method of securing these derricks in a 
vertical position to the masts when the ship is at sea. The other derricks 
are laid in a fore and aft direction, and may rest either upon a poop, 
bridge, or forecastle end, or upon special stanchions. The function of the 
middle derrick is to lift heavy cargo out of the hold, while that of the two 
side derricks is for lighter curgo only. 

Fig. 225 illustrates Uic cast iron socket (fixed to the deck) of an extra 
strong derrick for lifting exceptionally heavy weights. 

Fig. 220 illustmtes a telescopic mast, and fig. 221 a intent hinged 
topmast (Sidgwick*s). Arrangements for lowering the topmasts are 
necessary in vessels which are re<iuired to pass undt^r l>ridges, and which 
use such waterways as the Maiichest^T Canal. 

Pantiwj, — The principal niethu<ls adopted to resist panting may be 
enumerated as follows : — 

(1) A closer spacing of frames. 

(2) Double frames. 

(3) An extra tier or tiers of )»eams with stringer ])lates on their ends well 
connccU'd to the shell, or additional double angle, tee bar, or intercostal 
pjmting stringer may be introduced. 

In afldition to the breiisthfK)k which receives the stringers at the 
stem, it is often desirable, osjMHMally wIktc tliere is considerable distance 
between the first frame and the stem bar, or where considerable rake is 
given to the stem, to introduce additional breasthooks between the stringers. 

(4) Floors of extra depth. 
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(5) An increase in the thickncKS of shell plating, especially under the 
fore foot, where excessive thumping is experienced. 
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Fio. 220.»Tele8Copic Mast Showing arrangement for lowering Top Mast. 
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Plin of Hinges 



Fio. 221.~Hinged Top llMt (Sidgwick*8 mtent) 
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(6) The middle-line keelson should bo tilted iutercostally as far forward 
as practicable. 




Seco nd Deck 

Fio. 222.— Derrick upon VoDtilator. 



Hatches, — The construction of the sides and ends of liatchcs has already 
been fully dealt with and illustrated in our remarks upon " Beams," p. 234. 
There is no doubt that many a ship has foundered through no other cause 
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with tho engine room, tho after engine room hulkiioad is uaiuiliy recessed 
for this puqxwe. The tunnel should he stiffened to resist the weight of 
tho cargo which may rest upon it, hy means of angles bent transversely 
round it on the inside, or by solid half-round iron bars on the outside. 
These shoidd be spaced not more than 3 ft. apart. As fiir i\s possible, hold 
pillars should be kept off the tunnel, by arranging them zigzag one on 
each side. Where this cannot Ix) avoidal, double angle stilleners must 
be fitted under the pillars. The tunnel luider the hatchways should bt^ 
sheathed with wood, or the plating increased in thickness, to protect it 
from blows from cargo in the oixiration of loading or unloiiding. It should 
be large enough inside to permit of easy access to all the shaft bearings. 
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Fio. 227.— Insulation. 



When the timnel stands upon a centre keelson, the tunnel floor is usually 
laid on the top of the centre keelson, thus permitting more easily of being 
made watertight (see fig. 123). 

Casings enclosing engine and boiler openings should be stiffened by 
angles or half-roimd iron on the inside, and if exposed to the weather, the 
strength must be sufficient to afford ample protection to these vitally 
important deck openings. 

Breast Hooks, — All stringers, wherever practiciible, should be carried 
all fore and aft, and united at the ends of the vessel by means of hrtast 
hooks (see fig. 226a). In large vessels, an extra breast hook shoidd be 
fitted at the stem between each tier of beams for the further support of 
the shell plating. 

Insulation. — Fig. 227 illustrates a system of insulation adopted in the 
holds and 'tween decks of steamers engaged in carrying dead meat, etc. 
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than the inefficicut construction of hatches, which have been unable to bear 
the weight of huge volumes of water which so often fall upon them when 
heavy seas are shipped. It is of the utmost importance that ample support 
be given to the deck in way of all hatches, or large deck openings, as the 
continuity of the beams is destroyed in all such localities. It is not 
sufficient that the beam ends be well connected to the hatch coaming 
plates, but, owing to the impossibility of fitting the usual centre-line pillars, 
these structural requirements, or some equivalent substitute, should be 
introduced at the hatch sides. Figs. 110 and 111 show an excellent method 
of dispensing with hatch side pillars entirely, the support to the deck and 
hatch coamings being obtained by large plate brackets, which both tie and 
support the deck in relation to the sides of the vessel. 

Hatch coamings of considerable or exceptional height should be 
supported by brackets or stays of some kind. Fig. Ill illustrates a system 
of supporting such hatch coamings by bulb plates spaced about 6 ft. apart. 
Not only should the coamings be of ample strength, but the hatch covers 
should be at least 3 in. in thickness, supported upon strong fore and aft, 
and, where necessary, transverse bearers. In the case of short hatches, 
one fore and aft middle-line, and, if necessary, two side bearers, or " fore 
and afters," as they are technically called, should be fitted. These may be 
of wood, 6 in. or 8 in. square, fitted into shoes on the hatch end coamings, 
or they may consist of bulb angles, tee bulbs, etc. Where the hatches are 
of greater length, transverse assistance is given to the deck, and the hatch 
sides are prevented from collapsing, by fitting transverse web plates, which 
should be stiffened on their upper and lower edges by angles or half-round 
iron, and fitted into slides, several methods of which are illustrated in 
fig. 165. Tarpaulins, fastened to the hatch sides by cleats, battens, and 
wedges, are fitted to weather deck hatches of all vessels. 

Deck Houses. — Deck houses for accommodation, etc., are frequently built 
entirely of steel with steel frames and beams. This certainly makes the 
strongest house. Where, however, they are built of wood, it is advisable 
that they be framed with steel or iron bars, and have steel coamings well 
attached to a deck tie plate or to the steel deck if such is fitted. This 
affords a substantial framework upon which to lay the wood construction, 
and is illustrated in fig. 226. 

Poop and Bridge Front B%dkhead8. — All steel poop and bridge fronts 
should have thick coaming plates well connected to the deck. The upper 
plating may be somewhat thinner. The stiffen! ug should be made by 
angle bars of at least the size of the main frames, spaced not more than 
30 in. apart, with brackets top and bottom. Fig. 56 and remarks, pp. 1 28 
and 1 29 further describe and illustrate the construction of these parts. 

Tunnel and Casings. — The tuimel, by means of which the propeller 
shaft is encased, should be thorou<];hly watertight from the engine room 
bulkhead to the aftermost bulkhead, with stuffing boxes upon each. As 
it is advisable to have the engine-thrust in free and easy communication 
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imagine by the way iu which it is carried out, but it is the intelligent 
arrangement of such inlets and outlets, so situated that fresh air is 
introduced and foul air is expelled. This is usually effected in ships by 
means of natural ventilation, though, in some cases, forced ventilation, by 
means of fan draughts or even steam injections, is necessary, in order to 
rid certain spaces of the foul air which gathers in them. 

Innumerable systems and patent arrangements for ventilation have 
been introduced and are in use, but in a work of this kind it is impossible 
to examine all these various methods, and we must therefore confine our- 
selves to the older method of natural ventilation, which may be very 
efficacious if well arranged. 

The best known ventilator is the cowl-head (see fig. 228). It is 
essential that all ventilators situated upon the weather deck be sufficiently 
strong to endure without damage the force of heavy seas shipped on deck. 
In bad weather it is not very uncommon for deck ventilators to be carried 
away, and the cargo to suffer considerable damage, or discomfort to be 
brought upon passengers or crew, not to mention the possibility even of 
positive danger accruing from the continued ingress of water through such 
openings. Thus, in erecting cowl ventilators upon the weather decks, the 
coamings or lower platmg should consist of thick plates (at least ^ in.) 
connected to the deck by a correspondingly strong angle bar. These coam- 
ings should be at least 30 in. high. The upper part of the ventilator, 
which includes the cowl-head, is portable, and is usually made of thinner 
plating than the coamings, as in very bad weather, when much water is 
being shipped on deck, it is usual to unship this upper part^ and fit into 
the top of the coamings the plate lid, which is shown in fig. 228 A in a 
vertical position, where it is kept when not in use. To ensure that the 
ventilator be now thoroughly watertight, a canvas cover is lashed over the 
top of the coamings. 

When these ventilators are intended to ventilate the hold space of a 
single deck vessel, the diameter ought to be regulated in accordance with 
the capacity of the space to be ventilated. 

The coamings should be made of welded steel or wrought-iron plates. 
The diameter of the cowl mouth should be large enough and so shaped as 
to take in as great a volume of air as possible (say, two or two and a half 
times the diameter of the coamings). The portable upper part of the 
ventilator, when fixed on to the coamings, rests upon an iron ledge upon 
the outside of the coamings, as shown in fig. 228 A ; or it may come right 
down and rest upon the vertical flange of the deck angle. There should be 
at least two cowl ventilators to each hold, one at each end of the space, 
and in such positions that they may efficiently act, one for the inlet of 
fresh air, and the other for the outlet of the hold space air, which is 
expelled- AMien these ventilators are situated near to, or against, forecastle 
fronts, bridge ends, poop fronted, or any other deck erection, they should 
extend to a height such as will bring the cowl mouth above the top of these 
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erections. Tlicir extreme length noccHHitates that thoy be supported by 
means of stays, either to the deck or to tlie erections near which they are 
situated. When a vessel has two or more laid decks, it is usual to ventilate 
the hold and main deck spaces in a manner similar to that shown in 
fig. 228 B. Tlie diameter of the ventilator c(K«ninji;8 upon the uppermost 
deck is made sufficiently large to ventilate the whole of the space below 
the upper deck, supposing no 'tween decks existed. But as 'tween decks 
do exist, the area of the ventilating oj)i»ning on the upper deck is reduced 
by the insertion of a tube leading to the second 'tween decks, the diameter 
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Fio. 228.— Ventilators. 

of which is supposed to be large enough to ventilate the lower 'tween decks 
and hold space. But as the hold space is an entirely separate compart- 
ment, the area of the ventilathig opening in the upper 'tween decks is 
again reduced by the insertion of a ventilating tube from the hold space, 
the diameter of which is in proportion to the volume of such space. It 
will be evident that, while one ventilator at the end of each hold space 
may be sufficient in a small single deck vessel, a greater number of 
ventilators will be required in large vessels with one or more 'tween decks 
and huge hold sjmccs. (For the ventilation of steamers carrying oil in 
bulk, see Chapter VI., Section 2.) 
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While it may be advantageous to ventilate all spaces occupied by the 
crew and officers and engineers by means of cowlhead ventilators where 
the spaces are of considerable size, sufficient ventOation can be obtained 
in small cabin spaces, galleys, pantries, lockers, store-rooms, lavatories, etc., 
by means of swan-neck and mushroom top ventilators (see figs. 228, D 
and C), assisted by louvre openings in the doors. Most of these spaces 
have the additional advantage of hinged scuttles, which in fine weather 
may permit an abimdant flow of fresh air, and in bad weather may be 
secured and made thoroughly safe by their solid hinged plate dead-lights. 

One of the parts of the vessel which needs particular attention in 
designing the ventilating arrangements is the engine room. This space 
is often sadly neglected, as those who have had any sea experience of 
these vessels know. The recesses in these spaces caused by pocket 
bunkers, engine room store, etc., and the fact that the light and air 
opening through the decks is often very narrow, with consequently large 
flat areas of deck overhead, tends to harbouring of a considerable amount 
of stagnant air, owing to the ventilators, as a rule, being inserted through 
the top of the casings, and failing to rid the space of the obnoxious air 
in the engine room wings. In addition, engine rooms often get unbearably 
heated, owing to the proximity of the boilers. The boiler room also needs 
ventilating, and this is largely efibctod by the iron gratings on the top 
of the casings, and cowl-head ventilators of very large diameter. One or 
more cowl-head ventilators ought to be fitted into the tunnel, one as far 
aft as possible. The other spaces previously mentioned may be ventilated 
by one such ventilator as illustrated in fig. 228, C and D. 

Pumping. 

Nothing in the equipment of a vessel is of greater importance 
than a well-planned and thoroughly efficient arrangement of pump- 
ing. This is essential for many reasons, all of which ought to be 
thoroughly considered and thought out in the design of such an 
arrangement. 

In any vessel there is always a possibility of water finding its way 
into the interior of the hull below the weather deck. This- may be due 
to damage from collision, leakage, damage to deck fittings in heavy 
weather, drainage from wet cargo, heavy sweating on the inside of the 
shell plating, decks, etc. — especially where ventilation is inefficient, — 
drainage from scuppers, etc., etc. 

The pumping installation should be capable of speedily ejecting all 
such water, excepting in cases where collision has made an opening so 
large that for any pump to cope with the inflow is impossible. 

In sailing vessels where there is no steam power on board, all such 
pumping has to bo effected by manual labour. Where the vessel has 
much rise of floor, so that even imder considerable list to port or 
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iluboud the water still trmvitatos to tho middle lino, there should bo 
at IfiMt one hand pump to each hold com|)artuicnt* 

In order to allow water to dniin from ono hold compartment to 
another, it is pcrmi.ssiMe to fit sluice valves to each bulkhead (when 
■me than one bulkhejul is fitted). On no account should a sluice valve 
be fitted to the collision bulkhead. See tig. 230. 

No dulce valve should l)o fitted to any watertight bulkhead unless 
it can be rcachiH'l at all times, on account of the possibility of chips or 
mbbiah gettinjr jammed into tho opening and preventing the valvo from 
cloBing. 

To reach the shiice valves ujion watertight bulkheads, cither a wooden 
or plated tnmk-way must l>e fitted from the deck above, sufficiently 
dnat-tight to prevent dirt, gniin, etc., finding their way from tho hold to 
the valves. All nxls working the sluice valves should extend to the 
opper deck, and bi^ clearly inarkc<l with a brass plate cover, so as to 
be easily found, and fitted with an indicator to show when shut and 
open. 

To ascertain the depth of water in any compartment in any possible 
condition, a sutficient number of sounding pi[H^s should be fitted. The 
depth of such water is ascertaint^d by means of a sounding rod lowered 
inside tho pipe. As the frerpicnt thumping of such rods would be likely 
to eventually seriously damage the shell plating, a small doubling plato 
should be fitted under each sounding pipe. 

If a tul)c were inserted in a basin of water, and tho air sucked out of 
the tube, tho water inside tho tube would rise to a considerable height 
above the level of tho water in the basin. This is duo to tho atmospheric 
pressure upon the surface of tho water in the Ixisin, and tho fact that 
this pressure has been wholly or partially taken from the water inside tho 
tube. Were tho tulx5 long enough, and the vacuum so produced absolutely 
perfect, tho water in the tube would rise to a height of about 34 ft., tho 
weight of such a cohunn of water being equal to tho atmos})heric pressure 
upon every iniit of area on the surface of the water in tho basin equal to 
the sectional area of the tul>e. 

The principle of the manipulation of the hand pump is identical with 
the foregoing illustration. First of all, there is a long suction tube from 
tho bottom of tho vessel up to tho pump chamber. Tho action of the 
bucket, which is worked by a handlo on tho deck, is to first pump 
the air out of the pijM?, immediately upon which tho water ascends. 
Wore a perfect vacuum produced, it would rise, as previously stated, to 

* It may be ])oii)te4l out that in sailing ships only one balkhead is usually 
fitted, viz., the collision bulkhead, and this therefore greatly simplifies the pumping 
arrangement As a rule, one pair of pumps to this main hold space is considered 
sufficient 

These suctions are led from the pump well, which is usually situated just abaft of 
the main mast Access is obtained to this well, whenever necessary, by a wooden 
trunk -way fitted from the weather deck to the bottom of the ship. 
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a height of about 34 ft.; but as it is practically impossible in saoh 
pumps to get an absolute vacuum, it is safer never to count upon the water 
rising above 24 ft. As hand pumps are usually worked from the upper 
deck, the suction chamber should be deep enough to ensure that the bucket 
is not more than 24 ft. above the bottom of the hold (see fig. 229). 

A rose, strum box, or suitable mouthpiece is usually fitted to the lowest 
extremity of the suction pipe, to prevent any solid matter being drawn into 
the pump. As a considerable thickness of cement is commonly laid on the 
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Fio. 230.— Sluice Valve. 



inside of the bottom shell plating for purposes of preservation, the cement 
ought to be dished out in way of the strum boxes so as to bring the bottom 
of the suction pipe below the level of the cement, and thus as nearly as 
possible eject all water from the compartments (see fig. 231). The necessity 
for an ample number of drain holes through the floor plates (limber holes), 
to allow the water to roach the pumps, will now be apparent. 

A pump is now in existence (Downton*s) by means of which several 
suctions may be led into one suction chamber, and water pumped from any 
compartment. In sailing vessels having a donkey boiler, these pumps 
should be arranged so that they may be worked, if necessary, from a steam 
winch. 
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Steam Vessels without Douhle Bottoms. 

Screw and paddle vessels have the great advantage of possessing steam 
power, which is utilized in pumping from the various compartments. 
Steam vessels without double bottoms should have at least one hand pump 
and one steam pump fitted in each hold when the rise of floor is considerable. 

When there is very little rise of floor, three steam-pump suctions — one 
as near the centre line as possible, and one in each wing — and at least one 
hand pump, should be fitted into each hold compartment. If the vessel 
has fore and after peak water-ballast tanks, a separate steam-pump suction 
should be led to each. When watt^r is not carried as ballast in these 
compartments, a hand pump only is required in the fore peak. 

No sluice valve must be fitted to the collision bulkhead under any 
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circumstances ; indeed, no sluice valve must be fitted to any bulkhead which 
bounds a water-ballast tank. If the after peak is not intended for the 
carriage of water-ballast, a sluice valve may bo fitted in order to allow any 
water to reach the pumps in the after hold. The engine and boiler space 
should be fitted with at least three steam-pump suctions, one at the centre, 
and one in each bilge, and the Board of Trade requires one hand pump. 



Steam Vessels with Douhle Bottoms (see f\g, 232). 

Before dealing with the pumps, the nature of all the spaces or compart- 
ments which exist along the bottoms of vessels with double bottoms for the 
carriage of wat<?r-l)alla.st ought to be thoroughly understood. 

The double bottom should at least be divided into watertight compart- 
ments agreeing with the number of the watertight bulkheads. But this 
division is often exceeded in practice (see figs. 49, 91, and 232, etc.). 
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Hence it is necessary 
that three steam pump 
suctions — one at the 
middle line and one at 
each side — should draw 
from each of these com- 
partments. Where the 
rise of floor is considerable 
only the centre suction is 
necessary. But at the 
wing extremities on the 
outside of double bottom 
tanks, there are the bilges 
into which drainage from 
cargo, scuppers, sweating, 
etc., may find its way, 
and pumps must be pro- 
vided to get rid of such 
water. A steam pump 
suction and a hand pump 
should therefore be fitted 
to each bilge. 

A better system of rid- 
ding the bilges of water 
than is obtained by the 
common hand piunp, is to 
fit a fly-wheel pump (such 
as a Downton) connected 6 g^ 
to the steam pump bilge ^*^ 
suction pipes of these com- *^ § 
fartments. 

It is usual and advis- 
able to arrange for about 
two frame spaces at or 
near the after end of the 
engine and boiler space to 
act as a well into which 
bilge water may drain. A 
cock or sluice valve may 
be fitted through the 
bulkheads in way of the 
bilges at each end of this 
space, so as to allow bilge 
water in the adjacent 
holds also to drain into 
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the engine-room well. As boforo stated, such sluice valves or cocks should 
be alwajTs accessible. 

The well is in all respects constructed like the double bottom elsewhere, 
excepting that the floor at each end of it is water-tight, and several holes, 
3 in. or more in diameter, are punched through the tank margin plate 
through which the bilge water flows into the well, or in lieu of this a better 
arrangement is to fit a non-return valve on the margin plate. When such 
a well exists, one steam pump suction should be led as near the middle line 
as possible, and one in each bilge. 

The main and donkey pumps should be arranged to draw from the fore 
peak, and the after peak also if used for water ballast, from double-bottom 
tanks, wells, bilges, and from hold spaces in vessels without double 
bottoms. The donkey pump should have a separate bilge suction in the 
engine room. The steam suction pipes from the various compartments, on 
reaching the engine room, are led into combined valve \yoxes or chests, which 
are in turn connected to the pumps. Fig. 233 shows such a valve chest, 
and the donkey pump, which is of double-acting type. As shown in the 
diagram, when it is desired to draw from any particular compartment, the 
valves to suctions for other compartments can be closed by the valves 
shown. 

A well, similar to that just described for the engine room, is usually 
arranged at the after end of the after-hold space into which bilge drainage 
finds its way. A steam-pump suction is therefore necessary for this 
space also. 

Adjacent to this well, another well is usually constructed exclusively for 
drainage from the tunnel, which in its turn also requires a separate suction, 
which may be connected up to the hold well suction by a valve box some- 
what similar to that illustrated in fig. 233, and which is manipulated from 
the inside of the tunnel. 

A sounding pipe should be fitted on each side of all ballast tanks, with 
the necessary doubling plate under each, as previously pointed out. 

To allow for the exhaust of air in all water-lwillast tanks when being 
filled up, a suflicient number of air pipes should be led to the upper deck, 
which, if made of 5 in. or 6 in. diameter, instead of 2 J in. or 3 in. as usually 
fitted, may conveniently, and with groat advantage, add to the preservation 
of the structure, if made to act as ventilators. 

Suflicient limber holes should be punched through all floor plates and 
tank knees, increasing in numl)er towards the suctions, to allow for an 
ample flow of water to reach the pumps. 

All tank floor plates should be perforated with circular holes near the 
upper extremity, to act as air passages, and for a similar reason the 
packing pieces under outside strakes of tank top plating should be kept 
a little short. 
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of, say, 18 in. Now lift A B up to AC, so that it has the declivity 
desired for the launching ways. ADC will be the form of the surface 
of the standing ways. The camber varies from 9 in. to 12 in., though 
for special types of vessels it may be lower or higher than these limits. 

It will now be seen that a tangent upon the upper half of the arc of the 
launching ways must be at considerably less declivity than the tangent upon 
the lower half of the ways. Hence, in providing particulars of the launch- 
ing ways, two declivities are usually given when the ways are cambered. 
The usual declivity of the standing ways runs about ^ in. per foot on the 
fore part of the ways, to J in. or more towards the ends. 

The mean pressure per foot upon the sliding ways ranges up to three 
tons, seldom over, the average being two tons (see p. 147). 

Experience is invaluable in shipyard practice, but the very best is 
liable to fail under exceptional circumstances ; hence launches are not always 
as successful as they might have been had the vesseFs condition been tested 
by calculation before the operation of launching was performed. Everyone 
who has seen a ship launched has observed that, at the moment she begins 
to move after the dog chocks have been knocked out at the fore end, her 
weight over the whole of the length bears on the launching ways. But as 
she travels, her after end passes over the end of the ways, enters the water, 
and eventually becomes afloat, while the fore end bears upon the fore end 
of the launching cradle (see fig. 235). 

The point at which the after end of the vessel becomes water-borne (the 
transition stage between 235 A and 235 C, namely 235 B) will occur 
when the moment of the ship's weight, about the foro end of the launching 
cradle (the sliding ways), X in fig. 235, is exactly equalled by the moment 
of the buoyancy of the immersed volume of the vessel about the same 
point X. 

The moment of weight is obtained by multiplying the vessel's weight 
in tons by the distance of her centre of gravity from the fore end of the 
cradle X, in fig. 235 {i,e, weight in tons x G X), and the moment of buoyancy 
is found by multiplying the buoyancy in tons of the immersed volume by 
the distance of its centre of buoyancy from the fore end of the cradle also 
{t.e, displacement in tons x B X). 

Supposing a ship to be 300 ft. long, her weight on the ways to be 
1500 tons, and the distance from her centre of gravity to the fore end of 
the launching cradle to be 130 ft., then the moment of weight would be 
1500x130 = 195,000 ft. tons. When this amount of buoyancy moment 
exists, it is known that the after end of the vessel is afloat, making 
allowance for the fact that slightly more immersion is necessary in order 
to overcome the ship's momentum, which causes her to travel a little 
further down the ways before her stem lifts. 

When the aft end of the vessel enters the water, her weight will be 
partly borne by the water, and partly by the launching ways. The 
amount of support afforded by the water is the displacement, and thp 
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difference between the displacement and the total weight of the ship 
represents the weight borne by the launching ways. Through not realizing 
the amount of this pressure upon the fore end of th^ sliding ways, some- 
times the cradle has collapsed through weakness, and the vessel has come 
heavily down upon her stem, thereby producing considerable damage. 
Because of this fact, more declivity is given to the after end of the standing 
ways than the fore end by cambering, the endeavour being to get the 
vessel over this critical stage as soon as possible, remembering at the same 
time that the resistance offered by the water increases as the immersion 
increases. 

In calculating the condition of a ship with regard to tipping, the 
moment of the vessel's weight and the moment of buoyancy are calculated 
about the end of the standing ways. If, after the ship's centre of gravity 
has passed over the end of the standing ways, the buoyancy moment 
(displacement x d) falls below the moment of weight (weight x D), tipping, 
under such circumstances, will inevitably occur. Care should be taken 
that a vessel has a reasonable margin of moment (t.e. displacement x d 
should always exceed weight xd) to ensure against tipping, t.e. preponder- 
ance in buoyancy moment. 

If the calculated results show that tipping is likely to ensue, something 
must be done to prevent this : either the launching ways must be lengthened 
so that the vessel becomes more deeply immersed when the centre of gravity 
passes the end of the standing ways, thereby increasing the buoyancy 
moment (displacement x (2), or else weight of some kind must be introduced 
into the fore end of the vessel ; for instance, the fore peak might be filled 
with water. This latter expedient will have the effect of reducing the 
ship's weight moment — t.e, while it is obvious that, by tilling the fore peak, 
the weight has been increased by the tons of water in this space, yet the 
ultimate result upon the weight moment will be a reduction, owing to the 
effect produced by the addition of such a weight at such a leverage from G, 
in its marked effect in drawing G forward. (See full description and 
sketches relating to the launch of the " Mauretania," page 138). Such a 
case could be further helped by increasing the declivity of the after end of 
the ways. 

The danger of tipping is considerably less in full-lined vessels than in 
vessels with fine lines, the buoyancy moment naturally being proportion- 
ately much greater in the one case than in the other. 

The danger of a ship coming to a standstill in her course down the 
launching ways may be caused by unfairness in laying the ways, or by too 
little declivity, or sinkage of the earth, or by bad or insufficient tallow in 
frosty weather. 



CHAPTEK Vlll. 

MAINTENANCE. 

Whilk too much care and attention cannot be given to the quality of 
the material used and the oHicieiicy of the workmanship in the building 
of a steel or iron ship, yet, throughout her whole life, she demands 
incessant attention in order that she may be saved from the effects of the 
perpetual attacks of deteriorating agents, if she is to be maintained in a 
state of preservation and seaworthiness. 

There are large numbers of vessels which, notwithstanding their 
enormous first cost, need extensive and expensive repairs before they are 
more than a few years old, this being, in many cases, entirely the result 
of carelessness and n(>glect. 

As long as steel, iron, and wood are surrounded by a dry atmosphere, 
whether it be hot or cold, neither corrosion nor decay can arise. But as 
soon as damp air or water come into contact with them, unless protective 
measures of some kind be adopted, evidences of decay soon appear in a 
greater or less degree. 

Wood,* as a rule, succumbs to the attacks of these forces by far the 
most rapidly.t As to the durability of iron as compared with steel, | there 
is still a divergence of opinion as the result of varied experiences, though 
the preponderance of weight seems to be against the comparative durability 
of steal Perhaps, in many cases, this results from the fact being over- 
looked that, when steel is adopted, it is usually of less thickness than 
would be required for iron, owing to its greater tensile strength (indeed, 

* l^eak, tinder favourable conditions, has been known to last 2000 years. 

t It is quite truo tliat there are wooden vessels afloat to-day of 60, 60, and even 
100 years of age. But this in no way proves that wood is as durable as iron or 
steel for shipbuilding, for these aged wooden shi[>s have been so often repaired or 
partially rebuilt, and decayed timber, fastenings, and \yo\ta renewed, that in point of 
faot not much of the original wood remains, while in some localities the structure has 
been entirely renewed several times over. Steel and iron vessels also undergo extensive 
repairs in the course of their existence, but not netirly to the extent to which it is 
common to subject woo<len ships. 

t Note the supposed effect of mangnne<;e, which i< proportionately more abundant 
in steel than in iron ('Manufacture of Steel,' p. 5). 
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the classification societies make due allowance in the reduction of the 
thickness of steel plates and bars), and, as a result, after corrosion has 
taken place, and the scale removed, the thinness or reduced thickness is 
more perceptible. 

Moreover, notwithstanding the fact that during recent years great 
permanent improvements have been made in the manufacture of steels — 
especially mild steels, such as are used for ship plates and bars — that 
perfection of manufacture has not yet been reached which guarantees the 
uniformity of quality even throughout a single plate or bar : for, subject to 
exactly similar conditions, it is not unusual to find that corrosion, often in 
the form of pitting,* proceeds more rapidly in one locality than another. 
It is also found that the rate of corrosion varies according to the constituent 
properties of the liquid in which the metal may be totally or partially 
immersed. Hence it is more rapid when subject to the action of salt water 
than it is with fresh. Then it must be remembered that the drainage from 
certain cargoes into the bilges may produce enormous and rapid decay. We 
thus see that corrosion may be accelerated either by the nature of the 
attacking agent or by the presence of certain elements in the composition 
of the metal itself. 

Understanding the rapidity with which decay may progress in steel or 
iron when exposed to attacking agents, it is natural that shipowners, and 
all those responsible for the maintenance of steel and iron structures, should 
be alert to the necessity of discovering the most efficient means of so 
protecting those parts subject to deteriorating influences, as to preserve 
them from what must inevitably mean ultimate ruin. This protection is 
usually afforded, in a greater or less degree, by some kind of composition 
applied to the metal or material in liquid form. 

Multitudes of * anti-corrosives,' preventives, etc., have been patented and 
brought into the market, each claiming the qualities necessary to prevent 
corrosion or decay. However, while to specialize any particular manufac- 
ture lies outside the province of this book, to specify the quality which 
any composition must possess in order to prevent decay is not difficult. 
It must hermetically seal the surface upon which it is laid, making it 
both air and water tight. Any substance which does this will maintain 
and preserve the structure in question, and will continue to do so in 
proportion to the endurance it possesses, and the constancy of its attachment 
to the material it covers. The condition of the surface upon which the 
application has to be made is as important as the quality of the application 
itself. Lead and zinc paints, cements, vegetable and mineral tar, and zinc 
applied in the process of galvanizing, are among the principal materials 
employed in various localities in ships, subject to varying attacking forces, 
in order to preserve the structural strength and efficiency of the material by 
preventing decay. 

When steel and iron plates and angles come first from the manu- 
* PittiDg — small pin -like holea iii the steel ur irou. 
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facturers, their surfaces are not always smooth and clean, but it may often 
be observed that they are covered with a scale of oxide of iron, or ' mill 
scale/ which at first very often clings tenaciously to the metal. To cover 
this with paint, or any other composition, would be worse than useless, for 
the only condition under which satisfactory results can be obtained is that 
the applied substance must come into direct contact with the metal itself, 
neither dirt nor corrosion nor moisture intervening. It is therefore 
absolutely essential that all mill scale be totally removed before the 
application is made. Otherwise, instead of corrosion being utterly 
prevented, it is allowed to proceed, and, eventually, this scale shells off, 
carrying its useless covering of paint or other matter with it The wise 
thing, therefore, is to see that all this scale is entirely removed before any 
application is made. This is generally attempted in ordinary merchant 
shipyards by allowing the steel or iron to weather some considerable time 
— that is, to leave all the steel or iron work unpainted until the vessel is 
ready, before applying paint, etc. Experience, however, proves that this 
method is not altogether effective, and thus many owners, as well as the 
Admiralty, specify that all iron oxide be removed before the material is 
placed on the ship. This is usually done by means of a solution of 
hydrochloric acid in the proportion of one part of acid to nineteen of water. 
The plates are placed in this bath, and after remaining some time they are 
taken out, washed with fresh water, and scrubbed with steel brooms. They 
are then coated with raw or boiled oil, and allowed to bleach in the weather 
for some days. This process leaves the plate clean and smooth, and per- 
fectly adapted for an application of the selected anti-corrosive composition. 

An important consideration before the application of any substance of 
the nature of paint is, that the surface of the iron or steel be thoroughly 
dry, as well as perfectly clean. Unless these conditions are fulfilled, the 
result will be far from satisfactory. Damp or moisture at once destroys, 
in a marked degree, the tenacity of such-like compositions. This considera- 
tion is more important than is often realized. It is a common practice 
amongst shipowners, trading on long ocean routes, to supply a quantity 
of paint or patent composition to their vessels, to be applied during or at 
some stage on the voyage. Nothing is more remarkable than the results 
produced. In one vessel it gives the utmost satisfaction : it neither cracks, 
nor blisters, nor shells off. It hermetically seals the surface of the metal, 
and only praise is bestowed upon it Another ship will be supplied with 
identically the same composition, but a wide difference is experienced in 
the results. It blisters, cracks, and shells off, water is admitted and 
retained underneath the loose sheets of dry and useless composition, and, 
as a consequence, rapid and often extensive corrosion is set up, and the 
ship suffers more than she would have done had she been free from the 
covering. Such an oxperieiice is most markedly observed where weather 
decks have been covered in this way. In this vessel, the composition is 
condemned as worse than useless, and only complaints are lodged against 



31 6 STEEL SHIPS, 

tapped on (connected by means of tap rivets), or the rivets through the 
garboard and keel are taken out, and fitted long enough to go through 
the keel, garboard, and shoe. 

In the old-fashioned system of making shell butt connections by 
means of straps instead of overlaps, the bilge strake butts frequently 
showed signs of working, and, in many instances, the caulking was 
corroded to such an extent as to leave a decided crevice. 

Experience has taught that the best way in which to arrest this 
action is to keep the crevices well filled with metal stopping. Where 
this precaution has been neglected, the butts have, in some instances, 
become so wasted as to necessitate the fitting of outside straps. 

In other cases, where weakness has developed at these butts, assistance 
has been given to the straps by fitting additional angle iron straps at right 
angles across the butt. 

Topside of Steel or Iron Weather Decks. — Opinion and experience seem 
to favour the durability of iron as compared with steel for weather decks. 
But in both cases, corrosion, sometimes in the form of extensive pitting, 
takes place. It is scarcely necessary to draw attention to the importance 
of 80 arranging the deck plating that it will rapidly rid itself of water. 




Fro. 236.— Plate Shoe on Bar Keel. 

The strakes of plating from the centre line to the stringer plate, in 
unsheathed iron or steel decks, should be arranged in and out (see figs. 47 
and 91), and not one in and one out, as is usually done under wood decks 
(fig. 109). To many shipowners, this corrosion of decks has been a sore 
trouble, and numerous attempts have been made to prevent it, with varying 
success. As previously pointed out, where these decks have been covered 
with an anti-corrosive composition, the effect in many cases has actually 
been to assist and encourage corrosion, owing to the application failing to 
grip the deck, and eventually providing a lodgment for water. The fault 
very often lies entirely in the carelessness evinced in making the application. 
Where a steel or iron weather deck is sheathed with wood, the metal may 
be well preserved by coating the clean, dry deck with a good covering of 
vegetable tar — Stockholm or Archangel, not mineral tar, unless refined so as to 
eliminate the ammonia. The wood deck should be laid hard down upon this, 
never upon battens in way of inside strake, and the seams well caulked with 
oakum. When the oakum has been properly inserted, the seam should 
be filled up with warm marine glue or vegetable tar. Butts should be 
dealt with in a similar manner. If this work is effectively carried out, 
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water will only with difficulty \ye Me to find its way through to the iron 
deck. But should such leakage through tho wooil sheathing happen from 
any eaose, the deck is protected by the coverin<; of tar. The hoXia which 
pass through the deck and wood sheathing ought to be well bedded in white 
lead with dowels tightly fitted. This, again, will prove effective against 
the passage of water. When a wood deck is laid upon the beams, with no 
steel or iron deck, similar precautions are necessary, and the beams should 
be cleaned and thoroughly painted with red lead and oil. Sometimes 
a wood deck is badly disfigured by rust-coluiired streaks in the region of 
the buttH, owing to corrosion having taken place in the beams below the 
deck, and oozing up through tho butt, promoting decay as well as disfigure- 
ment. It is specially necessary, tlicroforo, to ensure the top surface of the 
beams being well coated with paint. Indeed, some owners specify that felt^ 
dipped in red lead, he placed on the beams under all butts, and, in the 
case of yachts, where the whiteness of the wood deck is an important part 
of the beauty of the craft, zinc slips are sometimes fitted on the beams under 
all butts. 

Owing to the generally acknowledged superiority of iron over steel 
in offering resistinco to corrosion, it is becoming more and more customary 
to make all erpntted weather decks — that is, those parts of uppermost decks 
unsheathed with wood, and not covered by poops, bridges, or forecastles — of 
iron. 

Whenever a leak is found in the seam of a wood deck, or in the wood 
sheathing of a steel deck, the leak should never be treated locally with 
a caulking tool, as such treatment is almost sure to spring the seam on 
either side of the defective part, and i)erhaps make the leak worse than 
it was originally. 

In all cases where it is found necessary to caulk a seam, the caulking 
should at least extend from butt to butt. 

Occasionally, the seams of a wood deck show signs of creeping after 
being exposed under a hot sun, or after the vessel has experienced heavy 
weather. This may occur even though the deck may have been caulked 
but a comparatively short time previously. It is usual, under these 
circumstances, to note the seams where tho pitch his a cracked appearance, 
and to caulk the worst ones right fore and aft, or to take every third seam 
and harden them down right fore and aft, and, if very soft, to put in an 
additional thread of oakum. 

An easy metho<l of finding the leaking or soft places in the seams of a 
wood deck is to watch the deck drying after it has been wetted. When the 
seams are good, they will dry as fast as tho deck, but if there exist any 
defect, the water will linger in the seam for a considerable time after the 
other parts of the deck have dried. 

In a sheathed deck, water will frequently find its way between the 
wood and the iron or steel deck below it. This is almost inevitable, 
notwithstanding the fact that great care may have been exercised in 
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tank top plating than satisfies the requirements of Lloyd's Rules from a 
structural point of view. This method would considerably postpone what, 
under ordinary circumstances, would be extensive repairs to the inner 
bottom, because of the good margin of thickness. 

Any method of ventilating or inducing a current of air would immensely 
reduce the obnoxious conditions existing in most of these tanks, and rid the 
space of the perpetual presence (when not entirely filled with water) of 
highly injurious atmosphere. 

Some owners prefer to dispense with the tanks under boilers, and not 
close in the space as a watertight compartment. As shown in fig. 218, the 
tank top plating is dispensed with, allowing free communication at all 
times between the inside and the outside of the space. This idea is 
certainly all right from a purely ' preservation of material ' point of view, as 
the space is greatly relieved from the injurious effects of damp and 
stagnant atmosphere, but it forms a serious objection from the ship safety 
standpoint, nullifying to a serious extent the immense value of a double 
bottom all fore and aft. Should the outer bottom in this space by any 
means be injured and the sea find ingress, the ship is most hopelessly 
crippled, even assuming that she still possesses sufficient reserve buoyancy 
to compensate for the loss of the boiler space buoyancy — which usually 
includes the engine space also — and that she is able to float in comparative 
safety. Her machinery is utterly useless, and steamers in these days are 
remarkably devoid of sailing equipment. 

A double bottom only satisfactorily fulfils this, one of its chief functions, 
when it is absolutely continuous from the collision bulkhead to the aftermost 
bulkhead. 

A much better plan is to construct the inner bottom continuous all fore 
and aft with a distinctly separate watertight compartment under the boilers, 
but to strictly exclude all water, and thus keep it always dry. In this way 
the tank could be wonderfully preserved by coating it with refined vegetable 
tar sprinkled with cement. Certainly it would reduce the capacity for 
water-ballast, as would also the previous method mentioned, but as the 
boiler space is usually comparatively small in cargo vessels, the reduction 
would not be very serious. 

In any case, it is advisable to keep the boilers as high as possible above 
the tank top, say 2 ft., or 2 ft. 6 in., and by this means the heat is less 
seriously experienced. Some owners have found that considerable protection 
from the heat of the boilers is ensured by covering the tank top under the 
boilers with two or three inches of cement and tar.* 

• A system adopted by Messrs. W. Doxford k Sons, Limited, Sunderland, for the 
protection of the structural material under the boilers in double-bottomed vessels built 
for the Clan Line, is that of galvanizing the tank top, floor plates, intercostals, 
etc., in the region of the boiler room. This system is said to have produced highly 
satisfactory results, and although many owners might be inclined to object to the 
additional first cost, yet, if the intended object is accomplished, it cannot fail to be 
well worth the additional expense, and indeed prove in the end to be economical. 
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Whenever water is carried iu these ccllulAr-bottom tanks, perhaps the 
best protection is affurded by coating every part of their interior surfaces 
with a liquid of Portland cement and water applied with a large brush 
after the interior has been thoroughly dried and cleansed out and rid of all 
oxide of iron. This method, while commonly adopted, has proved very 
effective when conscieniiously carried out, and repeated at such intervals as 
found necessary by examination. 

Cementing, — In past years, before the double bottom system became so 
universal a mode of construction for cargo and passenger vessels, and the 
older ordinary floor system was still in vogue, considerable water or liquid 
found its way into the bottom of the vessel. This might be caused by 
sweating in the holds, or drainage from the cargo. In most ships, and 
especially in those carrying certain cargoes such as copper ore or sugar^ 
which are particularly injurious to iron or steel, it has long been tlie custom 
to put a substantial covering of a mixture of Portland cement and sand or 
brick dust over the inside of the bottom plating from bilge to bilge. This 
cement was thick enough to amply cover the plating and rivet heads, and 
the frame flanges upon the shell, and afforded excellent protection from 
the effects of cargoes, such as we have indicated. 

While this system of cementing is more desirable in vessels with 
ordinary floors, where all drainage finds its way on to the bottom plating, 
there seems little or no reason for practising it to the same extent on the 
bottoms of veKselH inside the tanks where double bottoms are fitted. 

Indeed, there is much to be said against it In the first place, no 
bilge drainage of any sort can find its way inside a double bottom tank. 
The bilges on each side of the outer wings of these tanks, and sometimes 
specially prepared wells, are the reservoirs for all such drainage, and there- 
fore the original reasons for using this cement no longer exist inside the 
double bottom tank. The weight of this cement amounts to scores of tons 
in vessels of moderate size, which necessarily represents an equivalent loss 
in deadweight. The vessel is therefore handicapped with a perpetual and 
unnecessary burden. Moreover, this cement, instead of being a source of 
protection, may prove a source of actual injury to a ship, unless the most 
rigorous inspection be maintained, and frequent surveys instituted. 

As we have mentioned previously, considerable injury may be inflicted 
upon the outside bottom of a vessel lying aground to load or discharge. 
But even when little or no trace of damage is apparent from the outside, 
owing to the utter inflexibility of the cement, it may have become cracked 
and loosened, and while almost if not entirely undetectable by eye, it 
permits water to ooze through and lodge against the shell of the vessel, and 
the mischief is not discovered until serious damage has been done. Even 
the slightest working of a vessel which never touches the ground with her 
keel under any circumstances, may crack the cement. If this cementing is 
confined to the keel plate, and at most over the garboard strake on each 
side, where cinders or other foreign matter which accidentally get through 
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ilif iimt>»w«lM> n^r txmx (UMUodrnkKk fnctkin Against the bottom, it oaght to 
i«irm ^ilhowiA. All 'ithf7 pttts^ of t^ interior of these tanks should be well 
Nim»»: wit*. /^ntiiM* wMk, vnH Tf-coate.! at intcnral«. 

»iHrtii ^ SsMt BiMm r^OM^ BOsee, and WeUa— In order to 
Hm KWbvrvr tb^ h(«U itarfv^ fi Uitk tof«s» as we observed in decks, a 
t><<<iM<^ 4«fiiH«iii««iMa nhmiid >« to i«iiier tke lodgment of water an absolute 
1««^tfwiO«»K^ )r. Imi^tnj: a ir«i]>i}f4ioU)Mii tank according to Lloyd's 
:>»^niH»imnqa. Hir 4i^. i< c^ Mntre jra>e^ or centra keelson, and the width 
>: <Hr ^iMMh. a: i|i^ tutiW. are £x«id >'T mle. It is not a little surprising, 
Wiw^v^il. %4iirt mmrntu /< ii^mms iw* b«« ejcercised (often purely 
4iNiM«i»^N if. iiMiiiifiiiltfrit^ ib«w t«« :Exfid dimcsuaons, and in producing, 
^ «yfii>ter 1^^ twnkt^ M ym^H^ ^ilkiftnA <mpacilj and shape. The general 
tp»»wi» %W^ ««< V. W Mk>«c4 «w to Mt of the depth of the centre 
^dNlMi, ^ ^ HiYii v^ T^nritii: )»/tw«iitaIly over tbis» and extend it in each 
l«Miv^^^«^ iNwv^iiw^n. tfttu^ >\ «rikin^ a i4»u^t line perpendicular to the 
>4|j^ l)h^ ^y^<>rti>^ 4iu4^. a) iMnpn ^rsft obtained. By lowering the 
»>mi>ii<iw ♦.xtfN^a^i^i^ ti t^u^ tmk v^ nro «r thrm inches, so as to give 
«a ^iN^^IHMiaiiMr i(^a*«^^ liH^ Wi^ «mI )^«t a»(iit the drainage of any water in 
1^ g^je«<^:p^«^ Y%NvSa)^ t^ iiim< Ma:»ilMii<«rr doable bottom tank to all 

Vwi^ MsM«<>H ^ a)»^^ «3)iix*f<rsal <«4)mii Kas be«n to cover this 
%aiak lof y^lfeUV ^'^ Vev^^ 4i^ <4 tiiaber (onlii^) in a fore and aft 
sihx^*^>« v^i^NT «^ v\^ j^>ta>ib^ joran^ a)liwaxtsliip& Where this is done, 
iW laak lo|^ «<rWk«t ^^^ |-tkft3;9^ as>^ ^immiI^t «mA^i in the same manner as 
alaal d^s ussier ^wxl ji4«^a))i^)(^^> ^aih«naat« i«rak«( iu and out, unless the 
fevene bars aK >>:$«^i i>f iW ^i|?N^ ol ili^ $«fake» of plating flanged. As 
Ikia oeiliag b ».4 ikHud'^ ca^Ik^i hat ^aiapfy clamped together, it is 
Mceaaary lo pioted the i^iti^ by ^>«M' dSk>i«iit <ooT«rtiig. This is often 
aalialbcUmly aix-ompltshvd by app^yii^ a i?Md Ci>atiiu; of vegetable tar, or 
specially refined coal tar S{»riukKi w«ll wiib OMK'nt. Where this is carried 
oat with all due precaution, the l;ar will $«r«T itst purpose for years, and 
leave the iron as clean as ever, Uow^vw^ as m now being discovered, under 
many circumstances this wvxkI ceiling i$ utledy uj^^Uxss in a ship's hold, 
costing money, adding weight, m^cupving s|vice, and often harbouring water 
and dirt beneath it. It has now l>eeome a frequent practice to dispense 
with it 

The strakes of plating are arrangeil like those of an unsheathed weather 
deck, each strake in and out like the slates on a house rtx>f, and, with the 
alight declivity previously recommended, any water flows off into the bilges. 
(See fig. 91.) The continued friction of loading and discharging cargo keeps 
the tank top plating clean and smooth, and generally neither paint nor 
covering for purposes of protection is necessary. Sometimes, by giving the 
tank top an abnormal declension towards the bilges, and a fair rise of floor, 
it 18 surprising how small and useless the double bottom may become, for 
the width of the tank side can only be obtained at an absurd distance from 
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the bilge. TraCy cunHiMera>iIe saving cnr. :-* -^r: f'.*A tn rh*- w- 1^1 it of iron or 
steel in the conatnurtiMn ot the Link, 'mi: th-r cap.vrity of tfi^: Unk h heriniiHly 
redaced for the carrinre of wi'.i^rrjj.:! i.i% a:.d it? fiYi-ArU'iy tiA a dotihio 
bottom greatly ininiial-i«;<i owli.^j Dj tr*^ tArik C'iV»:rin:^ only part of the 
breadth of the sliip's buttonu 

When tank tope are l.ft uni<hea:h':<l ^«'itii f.i! :;.>.% tht^y aru iiHimlly 
protected immediately uiid^^r the L^tch<:.4 -viih a oo-.^rrin^' of wu<n1 h:itt<*nA, 
which are sarroanded and hell in ynaion \,y an ani.'N; Wir rivittOil to th« 
plating. The reason for this in obv: /i-j. S'imetim.;M, in lo\v«;rinj( hmvy 
weights into the hold, they are AWr^^A to hnrap on in th*; tank top, and 
were it not for the prot«jction already de.^crib^rd, con-irl^-rahle injury nii^'ht Imb 
done. Even though the platinj^ iuelf were not .s«;rioiily dania^'ud, raulking, 
liveta^ or butts might be spnin;:, so a=! to dn-itrny tin; waterti^litm*ss of tho 
tank. Sometimes, even whore the precaution of prot^-cting tho tank is 
adopted, or the whole areri covered with ceiling, carele.s.sne.<w in loading 
cargo, or the accident of a heavy weicjht fallini^, nriy causo the aamo 
injury. 

In cases where the rise of (l'»'>r is very t^nat, \v»Te a horizontal or 
nearly horizontal top to Ix; ;jiven to the tank liy adopting tho rule minimum 
width of margin on tank side, the tank would he extremely narrow, and 
thus only partially cover tiie bottom, and moreover, contain only a compara- 
tively small quantity of water for ballast. In such a case, a mothoii has 
sometimes been adopted of raising the tank top from the top of the contro kool- 
son, toward the bilges. I>y this means, any water lindini; its way on to the 
tank top would flow towards the centre line (the lowest i»oint) and thoiuH* 
into a well at the after end of the hold space. Hero ag;iin, tho Htnikon 
of plating should bo arranged like the slates on a house n>of. wudi in 
and out. The idea is simply to get rid of all water in tho nuwt rapid 
manner. 

Bilges. — Few, if any, parts of a ship arc of more vital im|H»rtunot» \\\m 
the bilges. These form the drains for the holds. .Ml Hwoal nioiihmt, all 
moisture from cargo, even rubbish, and somotinu^rf wator fiMu» Houppi»v»«, t\\\\\ 
their way into tho bilges. The result of the comhinatiou, dop»'nd»ua m»l*»h 
upon tho nature of tho cargo, is often a litpiid poHHOHtinij lv*»mond»*t4« \^\\^ 
pensity for attacking and corroding iron or h!o««1 \Vhov»» th»» iii<ihMi4l \S\ 
these bilges has not been adequately prolt*oti»«l, viu*s«*U iiMiyiMa *^*!l^»**< •W^^h 
as copi>er, sugar, rice, in a single Vi»yu>{0 Imvo oxinoml h'iM.u^«*l»h» «|«hmv^ 
Hence the necessity for fre<puuit InHpeetioMi and lh»» i*Mdl»»4^ m\A »\\\s\\\\^k 
means of Ciirrying out this oporati«»h. Th»» m»»«t pii»\«d»»u^ .***o»ii»'*m«wV \A 
covering in tlu^ bilgi-s ti> pn«vrnt, an fur rt«i pt»Mtl»hs s**s\i\\^ »»» du-^ Uu«lmik \S* 
way into the spare, is to extiunl lhi» n^sUw^ »»V«»» th»» hU»,»M \\\ lhi» ilUp^ *\\W 
Entmnce to the bilgoM iH ohlalmMl U\ lintna •♦ hni> *\s\A M\ ph^hk \«»». \\t\ 
122.) A ln'tlrr arriingeniiMil. In \\\'\\ "howM hi M-i '»W, \\\wSs^ \\\y \^\\^^^' 
coverings conHist nf iron hlnHt»d MliMJlumi MfcMpUmt 1»"»« "p'i»'»», tind MlMlufl^ 
much handiei', tint to niehlinii llm liclltM Slu^ nhbilMtid hx i %>iiiiUmil«tn hImmi 
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they are lifted, afforded by the full exposure of the bilges. The pump 
suctions in the bilges should be carefully placed bo as to rid the space of 
water as effectively as possible. Here, perhaps, more than anywhere else 
in the vessel, cement should be liberally applied. The shell and tank 
side should be thoroughly coated, and the bilge filled with cement up to the 
level of the drain holes in the tank bracket plates. The cement should 
be very smoothly laid, so that the water may find its way without any 
obstruction to the suctions. Only by carefully carrying this out, and 
frequently surveying this space, can this part of the vessel be saved from 
rapid decay. 

Wells. — Sometimes the drainage from the holds is allowed to accumulate 



excellent ^ddftion to the 
connecttoti of the ffumv 'eya 
to the double bottom X 




Fig. 237.— Hinged Bilge Shutters. 

solely in the bilges, from whence it is pumped. Often, however, the bilge 
water is drained into wells (see fig. 232), from which steam suctions are 
led for its discharge. These wells are usually situated at the after end 
of a hold space, or engine and boiler space, and extend from bilge to bilge 
with a length of about two frame spaces (4 ft). The two ends forming the 
extremities of the adjacent water-ballast tanks are, of necessity, strictly 
watertight. This well space is a watertight compartment, excepting that 
a few (about three) holes are punched in the tank side plate near the 
bottom of the bilge, which allow the bilge water to drain into the well. 
Being subject to the same wasting forces as are found in the bilges, these 
wells require similar treatment for their protection. The chief objection to 
them is that they interrupt the continuity of the watertight double bottom. 
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and thus, should damage hapjMjn to the outside plating in the way of these 
wells, free access is opened to the h&rge hold spaces, and the advantage of 
a continuous inner bottom is l(»st, and its value therefore dccreiised. 

Hold and 'Tween-deck Spaces. — On examining the under side of 
steel or iron decks, the shell plating, and the framing in the holds of steel 
vessels, one is sometimes surprised to discover to what extent corrosion may 
be found in a place so exempt from weather. The under side of decks, 
beams, beam knees, frames, and especially reverse frames, as well as the 
shell, are liable to extensive corrosion. Keenly alive to this fact, many of 
those responsible for the maintenance of iron and steel vessels, make 
vigorous and commendable efforts to save their vessels from the disastrous 
effects which, unless eff^ectively dealt with in time, inevitably ensue, utterly 
ignoring the cause of the trouble. Everyone knows that to close up the doors 
and windows in a room, and permit little or no ventilation, will result in 
damp and sweating on walls and windows, or any other cold surface, and 
especially will this be noticeable if the atmosphere be subject to any slight 
heating. To get rid of this undesirable state of affairs, a current or draught 
of air must be obtained by some means or other. Or, in other words, good 
ventilation is necessary. Ships' holds produce similar results under similar 
conditions. These spaces in hosts of cargo vessels are badly and inefficiently 
ventilated, and with such a large area of naturally cold surface, condensation 
or sweating upon beams, decks, frame, shell, etc., to an enormous extent, is 
the result, often causing damage to the cargo. In ships where ventilation 
has received adequate and intelligent attention, sweating is almost unknown, 
and little or no injury is inflicted upon cargo and hull. It is not so much 
continual scraping and painting that is required, but perpetual and efficient 
ventilation in these spaces to dispose of this evil. 

The more that air is induced to circulate throu«;h the holds, the less ill 
effect is likely to be experienced by the ship and cai-go. For miscellaneous 
cargo, oil, and coal-carrying vessels, goinl and abundant ventilation is of the 
very highest importance. l\j thoroughly cleaning the surfaces of all plating 
and angles, and coating with red lead and oil, repeating the operation as the 
wear and tear of the vessel indicates, there ought to be little difficulty in 
throughly maintaining and preserving all iron and steel exposed in the 
holds. When sweating does occur, it should be seen that no pools of water 
l«)ilge upon hold stringers, or any such like projecting material. Small 
holes drilled or punched in these pkces will allow the water to find its 
way down into the bilges. Crevices or corners which are likely to harbour 
water or dirt should be filled with cement. 

The shell plating in the hold or 'tween deck spaces in the neighbourhood 
of all side scuttles should be subject to periodical inspection, as leakage 
may possibly occur, and thus promote decay. Hence the cleading on the 
ship's sides in the 'tween decks of passenger steamers should be partially 
removed at intervals, whore the danger of such leakage exists. 

Bunkers. — Bunkers are another locality in a ship which should receive 
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adequate attention. The gas emitted from coal seems to have a specially 
injurious effect upon iron and steel, particularly the latter, if the surface is 
not protected by some suitable covering. Various compositions are found to 
do this effectively, while other owners get every satisfaction by coating their 
bunkers with refined vegetable tar, and others by bituminous cement. 
Ordinary paint rarely proves efficacious for any length of time against 
the special conditions existing in bunkers. 

Fore and After Peaks. — Fore and after peaks, when only used for cargo 
or stores, should be kept as dry as possible. The deep recesses between 
the floors would render this very difficult, were it not customary to fiU the 
lower extremities of these spaces with cement. Indeed, wherever awkward 
recesses exist, in which water would be likely to lodge, or whatever small 
spaces are found to be difficult to get at for examination, the better plan 
is to fill up these crevices with cement. If the peaks are used for water- 
ballast, probably a thorough coating of thick cement wash, or refined 
vegetable tar, will prove as good a means of preservation as anything. 
When tbe space is only used for stores, or perhaps cargo, good paint will 
give the necessary protection. Here, again, too much importance cannot be 
laid upon the ventilation of these spaces. No preventive or anti-corrosive 
will stand as well where the atmosphere is foul and stagnant, and those who 
know anything about peaks will be aware that so utterly polluted, and 
filled with poisonous gases, are these places in some vessels, that when first 
the manholes or hatches are removed, neither lamps nor light will burn 
inside, and to enter them would mean certain death. Indeed there are cases 
on record of such disasters occurring. 

Deep Water-ballast Tanks, also used as cargo spaces. — Like double- 
bottom ballast tanks, these compartments are subject to alternating wet 
and dry. The importance of an abundant and well-arranged system 
of ventilation must bo obvious in order to get rid of all moisture and 
damp atmosphere as early as possible, after the tanks have been pumped 
empty. No doubt much damage is done to all kinds of water-ballast tanks, 
owing to the fact that they are not always filled to the uttermost when used 
for ballast. When completely filled, the mass of water has no more 
injurious effect than a well-stowed cargo, but where tanks are carelessly left 
partially filled, it is difficult to estimate what damage may not be done. 
Bulkheads may be ruptured, rivets loosened and broken, caulking destroyed, 
and cargo in adjoining hold spaces seriously damaged. These tanks can be 
made perfectly watertight, thoroughly reliable, and most satiijfactory, and 
of tremendous advantage to vessels going to sea without cargoes. And 
yet more than one owner has dispensed with them, because of the trouble 
they have caused. Such trouble can only arise from workmanship and 
construction, or else gross carelessness on the part of those who have charge 
of them — most probably the latter. Deep ballast tanks are being more 
adopted than ever in ocean steamers, and with due care and attention in 
construction and in treatment, they can be maintained with comparative 
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Kc fined vegetable tar or refined coal tar has proved to be a good 
protecting agent in the nmiutenance of these tanks. 

Corrosion owing to Galvanic Actioa—The proximity of certain inetals 
to iron or steel may set up galvanic action, and, consequently, promote 
corrosion. Hence when bronze propellers are fitted, unless suitable pre- 
cautions are taken, severe pitting is created in the stern post. This galvanic 
action may be counteracted by tapping thin zinc slips to the aperture surface 
of the stern frame. 

A peculiar feature in cast iron pro|>eller8 after being in use for any con- 
siderable time is the excessive pitting which takes place on the back of the 
propeller blades. Opinions are numerous as to the cause of this, but no 
definite explanation can be given. However, by riveting thin brass plates 
on to the back of the blades of cast iron propellers, protection is afforded and 
such injury obviated.* 

* Shipowners might save themselves enormous expenditure for repairs, etc., if 
more attention, systematieally carried oat, were conscientiously given to their vessels. 
Much of the deterioration and decay ia entirely the result of neglect which might 
be greatly prevented, if, in addition to the ship superintendent, whether he be a 
naval architect, an engineer, or a ship's officer, another appointment were instituted 
in large companies by which a man, thoroughly acquainted with ship construction 
and the particular localities in ships liable to decay, could give his whole attention to 
this matter. The ordinary ship superintendent of a fleet of vessels has too much 
other work to attend to in the performance of his duties to give the attention which 
is necessary for the preservation of the vessels entrusted to him. Where this vitally 
important work is left in the hands of ill-paid or irresponsible persons, neglect to 
hidden parts to which it is difficult to obtain access ensues. 



INDEX. 



Al at Lloyd's, 80. 

Awuing deck vessel, 49, 50, 109, 118-20. 
,, „ scantlings for, 121-2. 

Bab keels, 218. 
„ „ riveting, 219. 
„ „ scarphs, 219. 
E^ic steel, 15. 

Beam, camber mould of, 218, 232. 
,, knee riveting, 239. 
knees 232—9 
B^ms, 34, 87, 38, 43-7, 135, 231-9. 
,, connections to hatch coamings 

233-6. 
„ dispensing with, 88, 156-7, 167, 

176. 
„ half, 236. 
, , number of tiers, 87. 
Bending moment, 91, 91-5, 97-100. 
„ ,, extreme, 97. 

„ „ estimate of, in actual 

practice, 99. 
„ „ of girder, 84. 

,, „ on loaded bar, 67. 

Bessemer steel, 3, 14. 
Bilge keels, 297. 
„ ,, 'Mauretania'and ' Lusitania,* 

138. 
,, keelson, 40. 
Blast furnace, 6-8. 
Blind holes, 204. 
Bosom piece, 213. 

Bossed plating for twin screws, 282. 
Breadth, extreme, 50. 
,, moulded, 50. 
,, registered, 50. 
Breast hooks, 295. 
Bridge, front bulkheads of, 295. 

,, tendency to fracture at ends, 71. 
British Corporation, function of, 28. 
Bulb angle frames, 162, 167, 175, 229. 
Bulkhead doors, 257-8. 

„ liners, 188, 189, 254-6, 266. 
,, ,, in oil steamers, 188. 

„ rivets, 254, 256. 
Bulkheads, 130, 179, 184-8, 250-7. 
,, caulking of, 179, 188, 254. 

,, ,, ,, in oil steamers, 

184-8. 
„ connection to shell and decks, 

188, 256. 
„ dispensed with, 158, 164, 252. 



Bulkheads, height of, 252. 

,, in oil steamera, stiffening of, 

187-8. 
I, in 'Mauretania' and 'Lusi- 

tania,'136, 137. 
„ number of, 251-2. 

„ plating of, 252, 254. 

,, recess^ or stepped, 252, 256. 

„ stiffening of, 179, 187-8, 253-4, 

257. J 

Bulwark plating, 267. 
Buoyancy, 54. 

,, curve of, 91, 93. 

Bureau Veritas, function of, 28. 
Butt connections, strength of, 210. 
„ laps and straps, 208, 265. 
,, ,, „ comparison, 208. 

* C ' FRAME system of construction, 181-2. 

Camber, 218. 

•Campania,' structural features of, 148- 

152. 
Cantilever-framed steamer, 166-9. 
Case-hardened steel, 15. 
Castings, 8, 295. 

Caulking, 179, 188, 220, 254, 261. 
Cellular double bottom, 36-7, 191. 

„ „ „ tanks, 85-7, 191. 

Cement, 175, 321. 

,, disuse of, 175. 
Cementation steel, 15. 
Centre keelson standing upon floors, 38, 
39, 246. 
,, of pressure, 59. 
, , through-plate keelson, 37, 40. 
Channel bar frames, 134, 229. 

,, pillars, 245. 
Class, grades of, 29. 

,, maintenance of, 80. 
Classification, 26-32. 

,, societies, purpose of, 26-8. 

Club-footed, 72. 
Cofferdams, 185. 
Collision bulkheads, 251. 
Companion-way, framing of, 236. 
Comparison of butt laps and straps, 208. 
,, of strength, 105. 

,, of scantlings of types, 121-2. 

,, of vessel, 96. 

Compensation for hold beams, 38, 44, 45, 
47. 
„ in lieu of steel deck, 47. 
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CoraiK»nsation in lieu of stringers, 47. 

,, „ ,, hold pillars, 47. 

,, for cutting doors, 267. 

Composite deck houses, 'J95, 
Construction, alternative modes, 417. 

,, details of, 204-806. 

Continuity of strength, 287. 
C'orrosion, steel versus iron, 24. 
Crucible steel, 15. 
Curve of bending moments, 86, 91, 94. 

„ buoyancy, 91, 93. 

„ loads, 81, 91, 94. 

„ shearing forces, 91, 94, 

, , shearing stresses, 85. 

,, weights, 91. 

Deck cargoes, stresses due to, 74. 
,, erections, 126-31. 
,, ,, and deadweight, 107. 

,, houses, comi>osite, 295. 
,, stringers, 40. 
,, weiglit^s, 74. 
Decks, 135, 258-63. 
Declivity of keel, 147, 214, .307-8. 

,, of launching ways, 147, 214, 
307-8. 
Deep framing in lieu of hold beams, 45, 
171, 230. 
„ tanks, 194, 195, 326. 
Deformation, tendency to longitudinal, 65, 
69. 
,, „ ,, transverse, 61-4. 

Depth of hold, 60. 
,, moulded, 50. 
,, registered, 50. 
Derrick tables, 290. 
Derricks and masts, 289-90. 
Details of construction, 204-306. 
Diaphragm plates, 124. 
Dimensions, priucii>al, 49-50. 
Disposition of mat<!rial, 96. 

„ weight, 68. 
Dohble bottom framing, 35, 134, 228. 

,, ,, tanks, 36-7, 191-3, 318. 

Doublings to decks, 260. 

,, „ outside plating, 265-7. 
Doxford's turret steamer, 154-60. 
Drift imnch, 204. 
Ductility of steel, 19, 77. 

Elasticity of steel, 19, 20, 77. 
Elastic limit of steel, 19, 20, 77. 
Engine casings, 295. 
Equivalent girder, 87. 
Erection of transverse framing, 238. 
Erections on deck, strength afforded by, 
104. 
,, ,, strengthening at ends, 

104. 
Excessive strength, 108. 
Expansion joints in decks, etc., re 

* Mauretania,* 136. 
Extreme breadth, 50. 
,, proportions, 50, 

Fatigue, 21. 
Faying surfaces, 222. 



Ferro-manganeso in iron and steel, 14. 
Flat plate keel, 221. 
Floor plates, 34, 226. 
, , „ bending, shearing, and punch- 
ing of, 226. 
Forces exerted ui>on ships, 52. 
Forgings, 17, 269. 
Foundation plates, 246. 
Frame bending, 223. 
,, bevelling, 223. 
„ butts, 35, 227. 
„ inertia, 97, 202. 
Frames, 33, 221, 223. 

„ bulb angles, 162. 167, 175, 229. 
„ channels, 134, 229. 
,, punching of, 221. 
„ Z, 156, 229. 
Framing, 32, 85, 38, 40. 
Freeboard tables, 126. 
Fundamental types of vessels, 107. 

Grades of class, 29. 

'Great Eastern,* system of construction, 

152-3. 
Gudgeons, stern frame, 285-6. 
,, 'Mauretania,' 138. 

Kanoino keel, 227. 
Hatch coamings, 176. 

,, stays, 176. 
Hatches, 293-5. 
Heel-piece, 85, 227. 
High-tensile steel, 133. 
Hinged top-mast, 292. 
Hold beams, com}>eusation for, 38, 44, 45. 

„ pillars, widely spaced, 172, 157, 245. 

„ „ compensation for dispensing 
with, 47. 

Inertia, moment of, 79-84, 88. 

,, of framing, 97, 202. 
Insulation, 296. 
Intercostal keelsons, 40. 
Iron, classification of, 11. 

„ sections, 18. 

„ tests for, 21-3. 

,, thickness of plates, 23. 
Isherwood, longitudinal framing, 197-203. 

Kekl, declivity of, 147, 214, 307-8. 
,, ,, 'Mauretania,' 147. 

,, blocks and launching ways, 214-6. 
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' Mauretania,' 138-48. 
,, ,, foundation for, 214. 
Keels, 218-21. 
Keelsons, 38-40, 246-9. 

Launching, 138, 306-10. 

,, * Mauretania,* 138-48. 

,, stresses, 75. 

„ ways, declivity of, 147, 

214-6. 
„ ways, declivity of, 'MauT9< 

tania,' 147. 



INDEX. 



nsverse framing, 32, 40. 

„ erection of, 228. 

,, in double bottoms, 

35, 134, 228. 
,, modification in depth 

of, 97. 
,, unusual Ijwidcspacing 
of, 171. 
stresses, 52. 
atment of plat^ and bars in shipyard, 
5. 
nk steamers, 161-5. 

,, modem improvements, 
162-5. 
mel, construction of, 295. 
ret steamers, 154-60. 

,, bulkheads dispensed with, 

158. 
„ hold and harbour deck 
beams dispensed with, 
156. 
,, pillars dispensed with, 

156. 
,, reserve buoyancy of, 160. 
,, rules for freeboard of, 160. 
,, side stringers dispensed 

with, 168. 
, , structu ral features of, 160. 
,, two deck, 157. 
,, widely sluiced tubular 
pillars, 157. 
n screw, stern arrangement for, 276- 
B2. 



Two deck vessels, 109-13. 

,, ,, scantlings of, 111-12. 

Types of vessels, 107-31. 

,, „ modifications of, 107. 

,, ,, determination of, 108. 

Ultimate strength, 77. « 

Unclassed vessels, 31. 

Valve chest, 304. 

Ventilation, 297-300. 

Ventilators, 298-300. 

Vessels with poop, bridge, and forecastle. 

130. 
Vibration, 73. 

Wash plates, 39. 

Water- ballast arrangements, 190-6. 

Water pressure per frame space, 58. 

,, „ upon bulkhead, 58. 

,, „ „ tank top, 60. 

Water pressures, 52-64. 
Watertight doors, 257-8. 
Web frames in lieu of hold beams, 44, 230. 
Weight, disposition of, 68. 
Well dock vessels, 128. 
Whaleback steamer, 154. 
Wood decks, 261. 

,, „ durability of, 262. 
Working stress, 78, 104. 
Wrought iron, 8, 10. 
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